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_ MICROPROCESSOR PRODUCTS 


Harris Semiconductor is a pioneer in developing and producing advanced CMOS 
microprocessor products for the most demanding commercial and military applica- 
tions in this world -- and beyond. Microprocessors include the world’s fastest 80C286 
microprocessor at 25MHz, along with the 80C86 and 80C88 microprocessors. These 
are complemented with a full line of CMOS peripherals, data communication circuits, 
~ and memory products. Additionally, the CDP1800-series microprocessor product line 
is available with its associated peripheral and memory devices. The heart of this 
series is the CDP1802A central processing unit (CPU) for use as a general-purpose 
computing or control element in a wide range of stored-program systems or prod- 
ucts. Enhanced versions of the CDP1802A are available which incorporate addi- 
tional on-chip features. | 


This databook fully describes Harris Semiconductor's line of CMOS microprocessor 
products. It includes a complete set of data sheets for product specifications, appli- 
cation notes with design details for specific applications of Harris products, and a 
description of the Harris quality and high reliability program. 


Other Harris Semiconductor advanced digital product lines include the CDP6805 
Microcontroller family and a brand new line of Digital Signal Processing (DSP) prod- 
ucts. Both families are fully covered in their respective databooks available from the 
nearest Harris sales, representative, or distributor office; or from our literature 
department (see previous page). 


Harris Semiconductor products are sold by description only. All specifications in this product 
guide are applicable only to packaged products; specifications for die are available upon 
request. Harris reserves the right to make changes in circuit design, specifications and other 
information at any time without prior notice. Accordingly, the reader is cautioned to verify that 
information in this publication is current before placing orders. Reference to products of other 
manufacturers are solely for convenience of comparison and do not imply total equivalency of 
design, performance, or otherwise. Oo 
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HD-15530 Manchester Encoder-Decoder (MED) .................0000eeee errs core 5-127 
HD-15531 Manchester Encoder-Decoder (MED) ........... 000 cc cece cece cece eee eaes . 5-139 
HD-15531/883 Manchester Encoder-Decoder (MED) .......... 0... 0c ccc cee ee eee eee ees 5-151 
HS-3182 ARINC 429 Bus Driver... .... 0... ccc eee ee ees Ss Aah aetna ata ates Bote 5-158 
HS-3282 ARINC 429 Bus Interface Circuit......... 0... cc ccc cence ete teen eens 5-163 
ICL232 +5V Powered Dual RS-232 Transmitter/Receiver........ 0.0... . cee eee eens 5-176 
App Note 108 82C52 Programmable UART........... 0.2 ccc cece ee eee eee teen enes 7-3 
App Note 400 Using the HS-3282 Bus Interface Circuit........ 0... 0... cece eee eee eee 7-61 
CMOS MEMORY DATASHEETS 
<1K - ASYNCHRONOUS RAMs 
CDP1821C/3 1K:x:T Asynchronous RAM) 563i. saivew ss bea edie ie Ve eee tas coe So 6-5 
CDP 1822, C 256 x 4 Asynchronous RAM..............64- ST eee Or ee eet eee es eet 6-10 
CDP1822C/3 High-Reliability 256 x 4 Asynchronous RAM...... ee eae Tere er ree eee 6-16 
CDP 1823, C 128:X 8 :ASYNChIONOUS RAM: .e06 8606252 sedan bein v4 aodewa Oe eek ale ee 6-21 
CDP 1823C/3 High-Reliabilty 128 x 8 Asynchronous RAM .......... 00. e eee eee ences 6-27 
CDP 1824, C 32 x 8 Asynchronous RAM..............00 eee eee neeee neds oh Bod eeu Baa 6-32 
CDP 1824/3, C/3 High-Reliability 32 x 8 Asynchronous RAM.................-. Snare Aiea ae Ae 6-37 
CDP1826C 


64 x 8 Asynchronous RAM............. ccc cee eee eee eee eee enenees 6-42 
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PRODUCT INDEX BY FAMILY (Continued) 


MWS5101, A 256 x 4 Asynchronous RAM.......... thanevecesk kita bpasexted ee eee ee ee ee 
1K - SYNCHRONOUS RAMs 

HM-6508 1K x 1 Synchronous RAM ...........0. cece eens Ce wink ih aru et ccd sae 
HM-6508/883 1K x 1 Synchronous RAM ...... 6... cece eee e ee ees i nuestuiapyhacuearen 
HM-6518 1K x 1 Synchronous RAM ............. bo ile idence Su neeaeaee ates eae 
HM-65 18/883 1K XT. Synchronous RAM ccesccne vest onee ea seus See eewe tenes cee PS eeees 
HM-6551 256 x 4 Synchronous RAM ............. ee ee ere ee eee 
HM-6551/883 256 x 4 Synchronous RAM ................. Pee CETTE OER ee ee ee 
HM-6561 206 x 4 Synchronous RAM «secs ood chcaw bea Wd soa Muolsew’s Kee eed ove Wewwes 
HM-656 1/883 256 x 4 Synchronous RAM .......... 0... ee eee enone ead HARES oeaaewee 
4K - SYNCHRONOUS RAMs 3 

HM-6504 _ 4K x 1 Synchronous RAM ...... 0. ccc cece cece eee e ete e ence nee e tee teetes 
HM-6504/883 4K x 1 Synchronous RAM .............. eee eee Neg wats eiprtangerh paar aida a 
HM-6514 1K x 4 Synchronous RAM ........ cece cece cee tect ee eee en eee eeeeeenees 
HM-65 14/883 1K x 4 Synchronous RAM ............ 000 e eee eee Seon 
4K - ASYNCHRONOUS RAM 

MWSS5114 1K x 4 Asynchronous RAM ... 0.0... eee ce ee etree eee nent eee e tenes 


16K - SYNCHRONOUS RAM 


HM-6516 2K x 8 Synchronous RAM ......... ccc ccc cece cece teen eect eee eeeenees 
HM-6516/883 2K x 8 Synchronous RAM .............00 eens its gedaan ein saps eter oar wipe ot 
16K - ASYNCHRONOUS RAMs | 
HM-65162 2K x 8 Asynchronous RAM ............0ceee cece eens Sanne tsa Berea wate 
HM-65162/883 2K x 8 Asynchronous RAM .........0. 0c eee eee eee eens ieosivaraaeese’ 
HM-65262 16K x 1 Asynchronous RAM ......... 0. cc ceceeceeee seen aaeceanteseeten | 
HM-65262/883 16K x 1 Asynchronous RAM .........--- 20s eee e eee ees De atat eae eceaates 
64K - ASYNCHRONOUS RAM | | 
HM-65642 SK. x 6 Asynchronous RAM 5 ec cs0 dno een se oiem aise tS oe Sense nese vas 
HM-65642/883 8K x 8 Asynchronous RAM .......... euuaaeeer CE er nee Sane Ora 
CMOS RAM MODULES 

HM-6564 64K Synchronous RAM Module............... are te hee aa Ma Nenie cate Aha eG ae 
HM-8808, A 8K x 8 Asynchronous RAM Modules ...... bieuneede: pat eon aden 1 
HM-8816H 16K x 8 Asynchronous RAM Module. ........... cee eee ee eee eee tt cee s 
HM-8832 32K x 8 Asynchronous RAM Module.............. cece eee eee rene ee eees 
HM-92560 256K Synchronous RAM Module............. 0. ee cee tence eee eteees 
HM-92570 256K Buffered Synchronous RAM Module. ..... Pee Seer eee tere eee 
HM-91M2 1M-Bit Asynchronous RAM Module..............c cece cece e cece eeeeeeeeees 
CMOS PROMs 

HM-6642 512 x 8 Fuse Link PROM... 0... 0 ccc cece cece eect nese eee eeeteeeneenes | 
HM-6642/883 512 x8 Fuse LinKPROM .......... 000 ccceeeeeceeeeeeeees aacieonienenee 
HM-6617 2K x 8 Fuse Link PROM. ........ 0.0. cece cece eee ees Gude ousenumaseca steal 
HM-6617/883 2K x 8 Fuse Link PROM. 0.0.0... ccc cece eee cece een et eens eeeeenes 
IM6654 512. X8 UV EPROM onde bi vtiowiedasens dans eieladay phe dec ewieeee aidan’ 
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PROGRAMS 


Military Grade Product Offerings 


Harris High Reliability Products are offered in the following 
Military grades: 


e JAN (Joint Army Navy) 


Registered trademark of the U.S. Government indicating that 
a device is fully compliant to MIL-M-38510. The Defense 
Electronics Supply Center (DESC) maintains a continuing 
audit of manufactur-ing compliance. There are two product 
assurance Classes available for M38510 products (Class S 
and B). Devices are defined and identified by their particular 
detail specification or “slash sheet” number issued by DESC 
(e.g. M38510/29104BJX). The IC manufacturers who are 
qualified to supply products to a particular M38510 slash 
sheet are identified in the Qualified Products List (QPL) 
issued by DESC. 


e SMD (Standard Military Drawing) 


The SMD evolved from the DESC drawing program which 
was viewed as a preliminary specification prior to JAN 
approval. SMDs were created to control the proliferation of 
non-standard Source Control Drawings. The Standard 
Military Drawing provides standardized MIL-STD-883 
processing in conjunction with non-JAN devices as specified 
in paragraph 1.2.1 of MIL-STD-883. These devices are 
defined and identified by their Standard Military Drawing 
number issued by DESC (eg. 5962-8757701RA). The 
manufacturers qualified to supply a particular SMD device 
are listed in the back of the individual Standard Military 
Drawing. 


¢ Harris Class B Compliant 


These devices are fully compliant to MIL-STD-883, Class B 
and are identified by the /883 suffix on the Harris part 
number. The parametric limits for an /883 data sheet are 
controlled by the manufacturer rather than a governmental 
agency, and therefore, there may be differences in the test 
methodology and actual limits for “similar” devices made by 
different manufacturers. 


This manufacturer control of the /883 specifications allows 
the offering of 883-level products long before they might 
become available as MIL-M-38510 or SMD devices. In many 
cases, Harris actually specifies /883 devices with more 


stringent conditions than those appearing on the MIL-M- 
38510 slash sheet or SMD describing the same generic 
device. Harris recommends using our /883 data sheets as 
the baseline for new military or aerospace source control 
drawings. 


¢ Harris Class B “Equivalent” 


These devices are processed and tested in a manner 
equivalent to the MIL-STD-883 compliant devices. They may 
not be classified as compliant since government standards 
have not been established for processing these types of 
components (e.g. Ram Modules). The Class B “Equivalent” 
products can be identified by the -8, /B, or /3 suffix on the 
Harris part number. 


Non-Standard Product Offerings 


Harris understands the need for customer generated Source 
Control Drawings with non-standard parameter and/or 
screening requirements. A Customer Engineering Depart- 
ment is responsible for efficiently expediting the SCDs 
through a comprehensive review process. Our Customer 
Engineering Group compares the SCD to its closest 
equivalent product grade and works closely with the Product 
Engineer, Manufacturing Engineer, Design Engineer, or 
applicable individual to compare Harris’ screening ability 
against the customer’s non-standard requirement(s). For 
products processed to non-standard requirements, a unique 
part number suffix is assigned. 


Harris shares the military’s objective to utilize standards 
wherever possible. We recommend using our /883 data 
sheets as guidelines for generating new Source Control 
Drawings. In instances where an_ available military 
specification or Harris /883 data sheet is inappropriate, it is 
Harris’ sincerest wish to work closely with the customer in 
establishing an acceptable procurement document. For this 
reason, the customer is requested to contact the nearest 
Harris Sales Office or Representative before finalizing the 
Source Control Drawing. Harris looks forward to working 
with the customer prior to implementation of the formal 
drawing so that both parties may create a mutually accept- 
able procurement document. 
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Military Grades Available 


MD82C50A-5 
MD82C52 
R82C52 


aE 


© 


MILITARY 
PROGRAMS 


HM1-6504B 
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HM4-65162B 
HM1-65162C 
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Harris JAN-SMD-/883 Part Number Listing 
[[_wannspanre — [ _vanpante —_—«|_—=sSMDESCPART# | _—=saSPART# | 


MG80C286-12 
MG80C286-10 
MD80C86 
MR80C86 
MD80C86-2 
MR80C86-2 
MD80C88 
MR80C88 
MD82C237 
MR82C237. 
MD82C237-12 
MR82C237-12 
MD82C284-10 
MD82C0284-12 
MD82C37A 
MR82C37A 
MD82C37A-12 
MR82C37A-12 
MD82C37A-5 
MR82C37A-5 


Pending 

Pending 
84052010A 
8405201XA 
8405202QA — 
8405202XA > 
5962-86016010A 
5962-8601601XA 
Pending 

Pending 

Pending 


MG80C286-12/883 
MG80C286-10/883 . 


MD82C284-10/883 
MD82C284-12/883 


Viv Ulivi v vU 
2/2/2/2/2| 8 2 
a|zlalalale F 


Pending 


8501501XA 
85015013A 
MD82C54 
MR82C54 
MD82C55A 
MR82C55A 
MD82C55A-5 
MR82C55A-5 
MD82C59A 
MR82C59A 
MD82C59A-5 
MR82C59A-5 
MD82C82 
MR82C82 
MD82C83H 
(MR82C83H 
MD82C84A 


13A 
2QA 


1QA 


5962-8501602YA | 
5962-85016023A 
5962-8501601YA 
5962-85016013A 
8406701RA | 
84067012A : 


Hl 


84067022A 
8406801VA 
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Harris JAN-SMD-/883 Part Number Listing 


MD82C86H-5 
MR82C86H-5 


eS cc 

eS 
MORRO ee 
WRC es 
HOE es Co 
209 es 


7802901JA 
78029013A 


HD1-15531B/883 


5962-9052502MQA HD1-6402B/883 
5962-9052501MQA HD1-6402R/883 


HD1-6409/883 


es Co 


\ 


HM1-6508/883 
HM1-6508B/883 
HM1-6518/883 


es Co 


HM1-6551/883 
HM1-6551B/883 
HM1-6561/883 
HM1-6561B/883 
M506 Ce 
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Harris JAN-SMD-/883 Part Number Listing 


aa PART 
CC 
M38510/24502BVA HM1-6514S/883 


Priosre «YT GRTOoTO@RIA—_—(ewaeowa ——=SC=*d sr 
EO 
[raweasies | | eweorza | ross 


85162009 
ee 
a5 1608085 


M38510/29109BYA | 8413203YA HM4-65262B/883 


Trove —_—=*dseaaeeSewA | «dC 
[rman ___—_—_~+d;esiozazossva | SCC—=*dCa 


HM1-6617/883 
HM4-661 7/883 
HM6-6617/883 
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Harris JAN-SMD-/883 Part Number Listing 


HARRIS PART # oe SMD/DESC PART # /883 PART # 


HM5-92570 


Harris CMOS Static RAM Modules are available for military and high reliability applications processed 
to our high-rel DASH 8 program fiow. This includes burn-in and value added processing (temperature 
cycling, SEM inspection, etc.). Please contact your local Harris sales office or representative for details 


MILITARY 
PROGRAMS 


Military Product Program Controls 


Per Harris R&QA 


Product Assurance 

Plan | Manual 

- Facility Certification 1.2.1.B.28 RADC/DESC | HarrisQC =| Harris QC 
Product Certification | 1.2.1.8.26 | RADC/DESC RADC/DESC Not Required 


Detail Specifications fae Slash Sheet DESC DWG/SMD | Harris /883 Data Harris Catalog 
Sheet 


Guatyng Aa Tc 


Qualification TestGPC | 1.2.1.8.17 Required Per Governing Per Governing Per Harris Spec 
Military Spec Military Spec > 

Qualification TestGPD [| 1.2.1.B.17 Required Per Governing Per Governing — Per Harris Spec 
Military Spec Military Spec 


Per Appendix A of MIL M38510_ 


Change Controls MIL M38510 DoD 480 DoD 480 Harris Internal ECN 
paragraph 3.4.2 Controls . 
DESC DESC Data Sheet Catalog 
Registration 


Traceability 1.2.1.B.27 Wafer Lot 6 Week Seal 6 Week Seal 6 Week Seal 


Deviations to 883 


Change Notification 


Per Slash Sheet Per DESC DWG/ Per Harris Spec 

SMD 
Product Construction Compliant | | Compliant Compliant May Be Non- 
Compliant 


Assembly Rta USA Only USA/Malaysia USA/Malaysia 


Malaysia 


Screening | USAOnly | USA/Malaysia USA/Malaysia 


NOTE: -8 is available in support of programs with part requirements dated prior to Dec. 31, 1984 in accordance with paragraph 1.2. of 
MIL-STD-883 or where 883 is not currently available. 


Malaysia 


Quality Conformance Malaysia 
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Programs Served By Harris 


Tube-Launched, Optically Tracked, Wire-Guided Missile 


Angle Rate Bombing Set 

Advanced Medium Range Air-To-Air Missile 
Advanced Capability (MK-48 Torpedo) 
Position Location and Reporting System 
Joint Tactical Information Distribution System 
Target Acquisition System (MK-23) 
Miniature Vehicle Sensors 

Driver’s Thermal Viewer 

Detecting and Ranging Set 

Fighting Vehicle System (Bradley) 
Helicopter (or Hughes) Night Vision System 
Advanced Optic Adjunct 

Advanced Light Weight Torpedo 

Ground Launched Cruise Missile 

Air Launched Cruise Missile 

Medium Range Air-To-Surface Missile 
Modular Universal Laser Equipment 

Low Altitude Navigation and Targeting Infrared 
Anti-Submarine Warfare 

Multiple Launch Rocket System 

Advanced Self Protection Jammer 

Global Positioning System 

Distant Early Warning 

High Speed Anti-Radar Missile 

Rolling Airframe Missile 

Medium Depth Mine 

Terminal Guidance Smail Missile 

Time Division Multiple Access 

Distributed Time Division Multiple Access 
Long Range Search and Track 

Glide Bomb Unit 


Divisional Air Defense 


Field Support Tracked Vehicle 
integrated Solar Sensor Assembly 
Continuous Motion Gyro for ISSA 
Advanced Warning and Control System 
Forward Looking Infrared 
Ring Laser Gyro Programs 
Tail Warning System 

Space Telescope 

Mariner Series 

MK 46 NEARTIP 

AV8B HARRIER 

F14/A6E SMS 

Bearclaw 

CAINS II 

TAI/MK6 

Bi 

F-16 

Phalanx 

Stinger 

Locust 

Sidearm 

Rattler 

Pavetack 

Viking 

Skylab 

Shuttle 

Intelsat 

Spacelab 

Voyager 

Mark 50 

Captor 

Maverick 


Phoenix 
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CMOS MICROPROCESSOR PRODUCTS 
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CMOS Microprocessor Products 


Comparison of Harris CMOS CDP1 800-Series Microprocessors - 


[| rewumes | rise | cornsoe | comme | comme 
CDP1802AC CDP1802BC CDP1805AC CDP1806A 

ee 

ss = 


Instruction Time Min./Max. (us) 


Timer/Counter Bits 


Prescalers 


Bus Structure Multiplexed Address Lines 


Yes 


Latched I/O Lines Off-Chip | 
Maximum Operating -55°C to +125°C | 
Temperature Range (°C) 

Number of Pins, Package 


uPD70108D- 


5 
| uPD70108D-8 


| uPD70116D-5 
| wPD70116D-8 


80286-10 
80286-12 


80286-16 


80C286-16 


MHARRIS CDP1802A,CDP1802AC, 
CDP1802BC 


January 1992 CMOS 8 Bit Microprocessors 
Features Description 
e Input Clock Maximum Frequency Options: The CDP 1802 family of CMOS microprocessors are 8-bit reg- 
Maximum @ ister oriented central processing units (CPUs) designed for 


use as general purpose computing or control elements in a 


Vpp = 5V Vop = IOV wide range of stored program systems or products. 


CDP1802A, AC 3.2MHz 6.4MHz 


CDP1802BC 5.0MHz The CDP1802 types include all of the circuits required for 

fetching, interpreting, and executing instructions which have 

e Minimum Instruction Fetch-Execute Times been stored in standard types of memories. Extensive input/ 

(@ Vop = 5V): output (I/O) control features are also provided to facilitate 
CDP1802A, AC ........-...e000- 5.015 system design. 

CDP1802BC. ....... ccc ccccccce 3.2us The 1800 series architecture is designed with emphasis on 


the total microcomputer system as an integral entity so that 


¢ Any Combination of Standard RAM and ROM Up to systems having maximum flexibility and minimum cost can be 
65,536 Byte realized. The 1800 series CPU also provides a synchronous 


interface to memories and external controllers for 1/O devices, 


¢ 8-bit Parallel Organization With Bidirectional Data Bus and minimizes the cost of interface controllers. Further, the (/O dj” 
and Multiplexed Address Bus interface is capable of supporting devices operating in polled, a ra 
interrupt driven, or direct memory access modes. On 
¢ 16x 16 Matrix of Registers for Use as Multiple =” 
Program Counters, Data Pointers, or Data Registers The CDP1802A and CDP1802AC have a maximum input no 
clock frequency of 3.2MHz at Vpp = 5 volts. The CDP1802A 060 
¢ On-Chip DMA, Interrupt, and Flag Inputs and CDP1802AC are functionally identical. They differ in that re - 
. the CDP1802A has a recommended operating voltage range 
¢ Programmable Single-Bit Output Port of 4 to 10.5 volts, and the CDP1802AC a recommended 


operating voltage range of 4 to 6.5 volts. 


The CDP1802BC is a higher speed version of the 
CDP1802AC, having a maximum input clock frequency of 
5.0MHz at Vpp = 5 volt, and a recommended operating 
voltage range of 4 to 6.5 volts. 


e 91 Easy-to-Use Instructions 


All types are supplied in 40-lead Dual-In-Line Sidebrazed 
Ceramic Packages (D suffix), 40-lead Dual-In-Line Plastic 
Packages (E suffix), and 44-lead Plastic Chip-Carrier (PLCC) 
Packages (Q suffix). The CDP1802AC is also available in 
Chip Form (H suffix). 


Ordering Information 


PasieoP | a0" w w5°0 
Goamoor | avcw rs coP1602860 

[comvzsox | orwencox | corer | 
[sews [eormescs [oorncos [| 


“Respective specifications are included at the end of this data sheet. 


Burn-in 


*883B 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1 305.1 
Copyright © Harris Corporation 1992 3-3 


Pinouts 


| 40 LEAD PLASTIC DIP (PACKAGE TYPE E) 
40 LEAD SIDEBRAZED CERAMIC DIP (PACKAGE TYPE D) | 
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CDP1802A, CDP1802AC, CDP1802BC 


44 LEAD PLASTIC CHIP CARRIER (PLCC) 


(PACKAGE TYPE Q) 
TOPVIEW TOP VIEW 
in 
o x v4 3 ze 
Es 2 Ie je fa 
o < 
5 HE ge SERRE 
TOO oOoOoooon 
fesesriaeeda 
sco [7 © MWA 


MRD [I] 8 38 [[] TPA 
BUS7 LJ 9 37 [J] TPB 
BUS 6] } 10 36 | | MA7 
BUS 5L] 11 35 [_] MAG 
NC L_] 12 34 LJ] NC 
BUS 4} 13 33 1} MA5 
BUS 3 32 1] MA4 
BUS 2[.] 15 31 |] MA3 
BUS 1 |} 16 30 |] MA2 
BUS 0[ ] 17 29 LJ MA1 
J Ld CL Eo oo @ 
S252 22E BRE g 


ADDRESS BUS 


CDP1833 
1K-ROM 


CDP1802 
8-BIT CPU 


CS1 
CS2 


FIGURE 1. TYPICAL CDP1802 SMALL MICROPROCESSOR SYSTEM 


Specifications CDP1802A, CDP1802AC, CDP1802BC 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 
(All Voltages Referenced to Vgg Terminal) 


COPA GO 2 Aisa kc xii eS Oa awe dae Re ew eens -0.5V to +11V 
CDP1802AC, CDP1802BC............ ccc cease -0.5V to +7V 
Input Voltage Range, Allinputs .............. -0.5V to Vop +0.5V 
DC Input Current, any One Input....................0008- +10mA 
Power Dissipation Per Package (Pp) 
T, = -40 to +60°C (Package Type E)..............005 500mW 
T, = +60 to +85°C (Package Type E)........ Derate Linearly at 
12mMW/°C to 200mW 
T, = -55 to +100°C (Package Type D) ............... 500mWw 
T, = +100 to +125°C (Package Type D)...... Derate Linearly at 
12mWPC to 200mw 
Ts = -40°C to +85°C (Package Type Q)*.............. 500mwWw 


Device Dissipation Per Output Transistor 


T, = Full Package Temperature Range............... 100mW 
Operating Temperature Range (T,) 

(Package Type D......... cece eee ee eee -55°C to +125°C 

(Package Type EandQ......... cee eee cee eee -40°C to +65°C 
Storage Temperature Range (Tyig) .....------e- -65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) from case for 10s 
MAM oes Sand oh hed ena td Cee waA ee Ree eee +265°C 
*Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick 
G10 epoxy glass, or equivalent 


Recommended Operating Conditions T, = -40°C to +85°C. For maximum reliability, operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 
DC Operating Voltage Range 


Input Voltage Range 


fe] > 


Maximum Clock Input Rise or 
Fall Time 


Minimum Instruction Time @ 


Maximum DMA Transfer Rate 


Maximum Clock Input Frequency, 
fo_, Load Capacitance 
(C,) = SOpF 


NOTES: 


1. Voc must never exceed Vpp. 

2. Equals 2 machine cycles - one Fetch and one Execute operation 
for all instructions except Long Branch and Long Skip, which re- 
quire 3 machine cycles - one Fetch and two Execute operations. 


CDP1802A CDP1802AC CDP1802BC 


Vop 


TPs | 
ves | Yew | ve | Yoo 
Re ee Ae 
Pe [= Poe 
cI 


CMOS MICRO- 
PROCESSORS 


Specifications CDP1802A, CDP1802AC, CDP1802BC 


Static Electrical Characteristics at T, = -40°C to +85°C, Except as Noted 


CDP1802AC, 


Vee: CDP1802A CDP1802BC 


Ls BEBE i isiPee Pee PoE 


Vout 
(V) 


CHARACTERISTIC 


SYMBOL | 


- 


Re FE] 
+ 


Vin(V) U 


Quiescent Device Current 


Output Low Drive (Sink) 
Current 
(Except XTAL) 


lot 


_ 
SN 
Oo 


Output High Drive (Source) 


Current 
(Except XTAL) 


© 
an 
a 


Output Voltage 
Output Voltage 


4 
[o] oad, 
“N hy = 


Vor 
Vit 
Vin 
Vu 


CLEAR Input Voltage 


Schmitt Hysteresis 


Input Leakage Current 


3-State Output Leakage 


H+- 


H+ 
—_ 
oO 


A 
| 


+ 
_ 


N 
un 


ods 


+ 


+104 + 


—_ 


53 
23 


Current lout 


H- 
<- 


Operating Current 


CDP1802A, AC 
@ f = 3.2MHz 


CDP1802BC 


amb. 


b ) 
; iy 
= N 


+ He | + 
oh eS 
oO o|1oO 
a a] & 


+ 
S o 


@ f = 5.0MHz 

Voltage 
[Data Retention Curent | lon | __Voo=24V__—_— a 
[inputCapactance | Ow | 
[Output Capacitance | Cor | 1s | oF _| 


“Typical values are for Ty = +25°C and nominal Vpp. 


**Idle “O00” at M(0000), C, = 50pF. 
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Performance Curves 
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SYSTEM MAXIMUM CLOCK FREQUENCY (fc, )— MHz 


25 35 45 55 65 75 85 95 Ter 5 = 125 
A AMBIENT TEMPERATURE (Ta) — °C AMBIENT TEMPERATURE (Ta) ee 


FIGURE 2. CDP1802A, AC TYPICAL MAXIMUM CLOCK FIGURE 3. CDP1802BC TYPICAL MAXIMUM CLOCK 
FREQUENCY AS A FUNCTION OF FREQUENCY A A FUNCTION OF 
TEMPERATURE TEMPERATURE. 
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TRANSITION TIME (trHE. tTLH)—ns 
A 
seHeeitTHiAtiniill 


desuiseere att 
 sageutner- ceeane 
4 


secceadaae an saeeaGaeeeuee 
Seeee!>-— 0m Phot SOnnGGnnqeeeensannna 
qaqeuenseuus 100 CESES GEESE SNES EEESSUSEESSEEEe 
ie) 25 50 75 100 125 150 175 200 


LOAD CAPACITANCE (C__)— pF 


OUTPUT HIGH (SOURCE) CURRENT (Igy)-mA 


Hf 


FIGURE 4. TYPICAL TRANSITION TIME vs LOAD FIGURE 5. CDP1802A, AC MINIMUM OUTPUT HIGH 
CAPACITANCE FOR ALL TYPES (SOURCE) CURRENT CHARACTERISTICS 
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OUTPUT HIGH (SOURCE) CURRENT ( Iq)— mA 


SEspReeeeeeens 
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FIGURE 6. CDP1802A, AC MINIMUM OUTPUT LOW (SINK) FIGURE 7. CDP1802BC MINIMUM OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS CURRENT CHARACTERISTICS 
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Performance Curves (Continued) 


TYPICAL POWER DISSIPATION FOR COPI6O0ZD 


4 
NOTES: 01 
“a te oar a Notion Gc 4 5 TOLE*"OG7AT M{9000) CLOCK INPUT FREQUENCY (fc)—MH 
FIGURE 8. CDP1802BC MINIMUM OUTPUT LOW (SINK) FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION 
CURRENT CHARACTERISTICS OF CLOCK FREQUENCY FOR BRANCH 
INSTRUCTION AND IDLE INSTRUCTION 
FOR ALL TYPES 


AMBIENT TEMPERATURE (Ta)= 25°C ULLNSHIAE 
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I (6 PROPAGATION DELAY TIME (AtpLH. OtpHy)—— ms 


see stiit Poem itt 
SPEC O 100 150 
reget of es CAPACITANCE (QC, )— pF NOTE: ANY OUTPUT 


EXCEPT XTAL 


FIGURE 10. TYPICAL CHANGE IN PROPAGATION DELAY AS A FUNCTION OF A 
CHANGE IN LOAD CAPACITANCE FOR ALL TYPES 
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1/0 REQUESTS 

MEMORY ADDRESS LINES I/O FLAGS pT 
DMA 
OUT 


rn . CONTROL 
MAG MA4 MA2 MAO EFI EFS DMA / \ 
MA7|MA5|MA3] MAI EF2|EF4 IN|INT CLEAR WAIT 
ee ducer 
XTAL 
CONTROL AND ce, feoaes 
SCI 
TIMING LOGIC 
Q LOGIC 
TPA 
TPB | SYSTEM 
Niwa [TIMING 
TO INSTRUCTION MRD 
DECOD 


<= REGISTER 
a tor ROVO] RESIS) = a 
Phy RED I RIELO 
R(F).1] R(F).O 


8-BIT BIDIRECTIONAL DATA BUS 


1/0 
NN! T~COMMANDS 


CMOS MICRO- 
PROCESSORS 


FIGURE 11. CDP1802A BLOCK DIAGRAM 


ose FETCH (READ) ae eg ee ee ee ee EXECUTE (WRITE ) ee 


CLOCK OOTOITIOF 11 420] 21 130} 31 140) 41550] 51 160] 61170} 71100) O1 F107} 11 F20) 21 130] 3) 41|50} 51 160] 61] 70] 71 


AODRESS HI BYTE LOW BYTE HI BYTE LOW BYTE 


MWR | | 
DATA VALID INPUT DATA VALID OUTPUT DATA 


FIGURE 12. BASIC DC TIMING WAVEFORMS, ONE INSTRUCTION CYCLE 


CDP1802A, CDP1802AC, CDP1802BC 


Signal Descriptions 
Bus 0 to Bus 7 (Data Bus): 


8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the moments the microprocessor, 
and I/O devices. | 


NO to N2 (l/O Control Lines): 


Activated by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and I/O interface. These 
lines can be used to issue command codes or device selec- 
tion codes to the I/O devices (independently or combined 
with the memory byte on the data bus when an I/O instruc- 
tion is being executed). The N bits are low at all times except 
when an I/O instruction is being executed. During this time 
their state is the same as the corresponding bits in the N 
register. 


The direction of data flow is defined in the 1/O instruction by 
bit N3 (internally) and is indicated by the level of the MRD 
signal. 


MRD = Vcc: Data from 1/O to CPU and Memory 
MRD = Vgg: Data from Memory to I/O 
EF1 to EF4 (4 Flags): 


These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to “call the attention” of the processor, in which 
case the program must routinely test the status of these 
flag(s). The flag(s) are sampled at the beginning of every S1 
cycle. 


INTERRUPT, DMA-IN, DMA-OUT (3 VO Requests) 


These inputs are sampled by the CPU during the interval 
between the leading edge of TPB and the leading edge of 
TPA. 


Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to 0 (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (S3). 


DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and increment R(0). 


NOTE: In the event of concurrent DMA and Interrupt requests, 


DMA-IN has priority followed by DMA-OUT and then Interrupt. 
SCO, SC1, (2 State Code Lines): 


These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid 
at TPA. H = Vee: Le Vss. 


STATE CODE LINES 


STATE TYPE 


SO (Fetch) 


$1 (Execute) 
$2 (DMA) 
S3 (interrupt) 


TPA, TPB (2 Timing Pulses): 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is sup- 
pressed in IDLE when the CPU is in the load mode. 


MAO to MA7 (8 Memory Address Lines): 


In each cycle, the higher-order byte of a 16-bit CPU memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low 
order byte of the 16-bit address appears on the address 
lines after the termination of TPA. Latching of all 8 higher- 
order address bits would permit a memory system of 64K 
bytes. 


MWR (Write Pulse): 


A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 


MRD (Read Level): 


A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed mem- 
ory which may have a common data input and output bus. If 
a memory does not have a three-state high-impedance out- 
put, MRD is useful for driving memory/bus separator gates. It 
is also used to indicate the direction of data transfer during 
an I/O instruction. For additional information see Table 1. 


Q: 
Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction exe- 


cution, Q is set or reset between the trailing edge of TPA and 
the leading edge of TPB. 


CLOCK: 


Input for externally generated single-phase clock. The clock 
is counted down internally to 8 clock pulses per machine 
cycle. 


XTAL: 


Connection to be used with clock input terminal, for an exter- 


nal crystal, if the on-chip oscillator is utilized. The crystal is 


connected between terminals 1 and 39 (CLOCK and XTAL) 
in parallel with a resistance (10 megohms typ.). Frequency 


trimming capacitors may be required at terminals 1 and 39. 


For additional! information, see ICAN-6565. 
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WAIT, CLEAR (2 Control Lines): 


Provide four control modes as listed in the following truth 
table: 


Vpp Vss» Vec (Power Levels): 


The internal voltage supply Vpp is isolated from the Input/ 
Output voltage supply Vcc so that the processor may oper- 
ate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. Vcc must be less than or 
equal to Vpp All outputs swing from Vss to Voc. The recom- 
mended input voltage swing is Vgs to Vcc. 


Architecture 


The CPU block diagram is shown in Figure 11. The principal 
feature of this system is a register array (R) consisting of 
sixteen 16 bit scratchpad registers. Individual registers in the 
array (R) are designated (selected) by a 4 bit binary code 
from one of the 4 bit registers labeled N, P, and X. The 
contents of any register can be directed to any one of the 
following three paths: 


1. The external memory (multiplexed, higher-order byte 
first, on to 8 memory address lines) 


2. The D register (either of the two bytes can be gated to D) 


3. The increment/decrement circuit where it is increased or 
decreased by one and stored back in the selected 16 bit 
register 


The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in the 
same machine cycle. 


With two exceptions, CPU instruction consists of two 8-clock- 
pulse machine cycles. The first cycle is the fetch cycle, and 
the second - and third if necessary - are execute cycles. 
During the fetch cycle the four bits in the P designator. select 
one of the 16 registers R(P) as the current program counter. 
The selected register R(P) contains the address of the 
memory location form which the instruction is to be fetched. 
When the instruction is read out from the memory, the higher 
order 4 bits of the instruction byte are loaded into the | register 
and the lower order 4 bits into the N register. The content of 
the program counter is automatically incremented by one so 
that R(P) is now “pointing” to the next byte in the memory. 


The X designator selects one of the 16 register R(X) to 
“point” to the memory for an operand (or data) in certain ALU 
or I/O operations. 


The N designator can perform the following five functions 
depending on the type of instruction fetched: 


1. Designate one of the 16 registers in R to be acted upon 
during register operations 


2. Indicate to the I/O devices a command code or device 
selection code for peripherals 


3. Indicate the specific operation to be executed during the 
ALU instructions, types of test to be performed during the 
Branch instruction, or the specific operation required ina 
class of miscellaneous instructions (70-73 and 78-7B). 


4. Indicate the value to be loaded into P to designate a new 
register to be used as the program counter R(P) 


5. Indicate the value to be loaded into X to designate a new 
register to be used as data pointer R(X) 


The registers in R can be assigned by a programmer in three 
different ways: as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 


Program Counters 


Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By single instruction the contents of the P register can be 
changed to effect a “call” to a subroutine. When interrupts 
are being serviced, register R(1) is used as the program 
counter for the user’s interrupt servicing routine. After reset, 
and during a DMA operation, R(0) is used as the program 
counter. At all other times the register designated as 
program counter is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 1). 


1. ALU operations F1-F5, F7, 74, 75, 77 

2. Output instructions 61 through 67 

3. Input instructions 69 through 6F 

4. Certain miscellaneous instructions - 70-73, 78, 60, FO 


The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and the 
“Store D” instruction 5N. The register designated by P (i.e., 
the program counter) is used as the data pointer for ALU 
instructions F8-FD, FF, 7C, 7D, 7F. During these instruction 
executions, the operation is referred to as “data immediate”. 


Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine cycle 
is “stolen”. This operation occurs at the end of the execute 
machine cycle in the current instruction. Register R(0) is 
always used as the data pointer during the DMA operation. 
The data is read from (DMA-Out) or written into (DMA-In) the 
memory location pointed to by the R(0) register. At the end 
of the transfer, R(Q) is incremented by one so that the 
processor is ready to act upon the next DMA byte transfer 
request. This feature in the 1800-series architecture saves a 
substantial amount of logic when fast exchanges of blocks of 
data are required, such as with magnetic discs or during 
CRT-display-refresh cycles. 
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Data Registers 


When registers in R are used to store bytes of data, four 
instructions are provided which allow D to receive from or 
write into either the higher-order or lower-order byte portions 
of the register designated by N. By this mechanism (together 
with loading by data immediate) program pointer and data 
pointer designations are initialized. Also, this technique 
allows scratchpad registers in R to be used to hold general 
data. By employing increment or decrement instructions, 
such registers may be used as loop counters. - 


The Q Flip-Flop 


An internal flip-flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch instructions. The output 
of Q is also available as a microprocessor output. 


Interrupt Servicing 


Register R(1) is always used as the program. counter 
whenever interrupt servicing is initiated. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current instruction), the contents of the X and P registers 
are stored in the temporary register T, and X and P are set 
to new values; hex digit 2 in X and hex digit 1 in P. Interrupt 
Enable is automatically deactivated to inhibit further 
interrupts. The user's interrupt routine is now in control; the 
contents of T may be saved by means of a single instruction 
(78) in the memory location pointed to be R(X). At the 
conclusion of the interrupt, the user’s routine may restore 
the pre-interrupted value of X and P with a single instruction 
(70 or 71). The Interrupt Enable flip flop can be activated to 
permit further interrupts or can be disabled to prevent them. 


CPU Register Summary 


es 


4 Bits Designates which register is Program 
Counter 


xX 4 Bits Designates which register is Data 
Pointer 
PON | apts | Holds Low-Order Instruction Digit 


Holds High-Order Instruction Digit 


8 Bits Holds old X, P after Interrupt (Xis 
| high nibble) 
Piet | Interrupt Enable 
Output Flip Flop 


CDP1802 Control Modes 


The WAIT and CLEAR lines provide four control modes as 
listed in the following truth table: 


The function of the modes are defined as follows: 
Load 


Holds the CPU in the IDLE execution state and allows an I/O 
device to load the memory without the need for a “bootstrap” 
loader. It modifies the IDLE condition so that DMA-iN opera- 
tion does not force execution of the next instruction. 


Reset 


Registers I, N, Q are reset, IE is set and 0’s (Vsg) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in S1. The first machine cycle 
after termination of reset is an initialization cycle which 
requires 9 clock pulses. During this cycle the CPU remains 
in S1 and register X, P, and R(O) are reset. Interrupt and 
DMA servicing are suppressed during the initialization cycle. 
The next cycle is an SO, S1, or an S2 but never an S3. With 
the use of a 71 instruction followed by 00 at memory loca- 
tions 0000 and 0001, this feature may be used to reset IE, 
so as to preclude interrupts until ready for them. Powerup 
reset can be realized by connecting an RC network directly 
to the CLEAR pin, since it has a Schmitt triggered input, see 
Figure 13. 


CDPI802 


The RC time constant 
should be greater than 
the oscillator start-up time 
(typically 20 ms). 


FIGURE 13. RESET DIAGRAM 
Pause 


Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator contin- 
ues to operate, but subsequent clock transitions are ignored. 


Run 


My be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation on the first 
negative high-to-low transition of the input clock. When initi- 
ated from the Reset operation, the first machine cycle follow- 
ing Reset is always the initialization cycle. The initialization 
cycle is then followed by a DMA (S2) cycle or fetch (SO) from 
location 0000 in memory. 
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Run-Mode State Transitions 


The CPU state transitions when in the RUN and RESET 
modes are shown in Figure 14. Each machine cycle requires 
the same period of time, 8 clock pulses, except the initializa- 
tion cycle, which requires 9 clock pulses. The execution of 
an instruction requires either two or three machine cycles, 
SO followed by a single S1 cycle or two S1 cycles. S2 is the 
response to a DMA request and S3 is the interrupt response. 
Table 2 shows the conditions on Data Bus and Memory- 
Address lines during all machine states. 


instruction Set 


The CPU instruction summary is given in Table 1. Hexadeci- 
mal notation is used to refer to the 4 bit binary codes. 


In all registers bits are numbered from the least significant 
bit (LSB) to the most significant bit (MSB) starting with 0. 


R(W): Register designated by W, where 
W =Nor X, or P 
R(W).0: Lower order byte of R(W) 
R(W).1: Higher order byte of R(W) 
Operation Notation 
M(R(N)) — D; R(N) + 1 — R(N) 


This notation means: The memory byte pointed to by R(N) 
is loaded into D, and R(N) is incremented by 1. 


IDLE*DMAeINT 


FORCE $1 
(LONG BRANCH, 
LONG SKIP, NOP, ETC) 


INTCOMA 


PRIORITY: FORCE SO. $1 
OMA IN 


INT®COMA 


FIGURE 14. STATE TRANSITION DIAGRAM 


TABLE 1. INSTRUCTION SUMMARY (See Notes at End of Table) 


INSTRUCTION | MNEMONIC | OP CODE OPERATION 


MEMORY REFERENCE 


LOAD VIAN 

LOAD ADVANCE 

LOAD VIA X 
LOAD VIA X AND ADVANCE 

LOAD IMMEDIATE 

STORE VIAN 

STORE VIA X AND DECREMENT 


REGISTER OPERATIONS 


INCREMENT REG N 
DECREMENT REG N 
INCREMENT REG X 
GET LOW REG N 
PUT LOW REG N 
GET HIGH REG N 
PUT HIGH REG N 


LOGIC OPERATIONS” 


M(R(N)) — D; for N not 0 
M(R(N)) > D; R(N) + 1 >R(N) 
M(R(X)) > D 

M(R(X)) — D; R(X) + 1 > R(X) 
M(R(P)) — 0; R(P) + 1 > R(P) 
D — M(R(N) 

D — M(R(X)); R(X) - 1 > R(X) 


R(N) + 1 — R(N) 
R(N) - 1 > R(N) 
R(X) + 1 > R(X) 
R(N).0 > D 
D —» R(N).0 
R(N).1 > D 
D — R(N).1 


OR OR F1 M(A(X)) OR D > D 
OR IMMEDIATE ORI FQ M(R(P)) OR D > D; R(P) + 1 > R(P) 


“The arithmetic operations and the shift instructions are the only 

instructions that can alter the DF. After an add instruction: 
DF = 1 denotes a carry has occurred 
DF = 0 Denotes a carry has not occurred 

Aier a subtract instruction: 

DF = 1 denotes no borrow. D is a true positive number 
DF = 0 denotes a borrow. D is two’s complement 
The syntax “-(not DF)" denotes the subtraction of the borrow 


**This instruction is associated with more than one mnemonic. Each 
mnemonic is individually listed. 


tAn idle instruction initiates a repeating S1 cycle. The processor will 
continue to idle until an I/O request (INTERRUPT, DMA-IN, or OMA- 
OUT) is activated. When the request is acknowledged, the idle cycle 
is terminated and the I/O request is serviced, and then normal oper- 
ation is resumed. 
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table) 


INSTRUCTION | | MNEMONIC OP CODE OPERATION | 


LOGIC OPERATIONS* (Continued) _ . 


EXCLUSIVE OR | M(R(X)) XOR D > D : 
EXCLUSIVE OR IMMEDIATE M(R(P)) XOR D — D; R(P) + 1 > R(P) 
AND M(R(X)) ANDD3>D 

AND IMMEDIATE. M(R(P)) AND D > D; R(P) + 1 > R(P) 


SHIFT RIGHT SHIFT D RIGHT, LSB(D) > DF, 0 + MSB(D) 
SHIFT RIGHT WITH CARRY 
RING SHIFT RIGHT 
SHIFT LEFT SHIFT D LEFT, MSB(D) — DF, 0 — LSB(D) 
SHIFT D LEFT, MSB(D) — DF,DF — LSB(D) 


SHIFT D RIGHT, LSB(D) + DF, DF —» MSB(D) 


SHIFT LEFT WITH CARRY 
RING SHIFT LEFT 


ARITHMETIC OPERATIONS" 


ADD | M(A(X)) + D > DF, D 

ADD IMMEDIATE M(R(P)) + D > DF, D; R(P) + 1 > R(P) 

ADD WITH CARRY M(R(X)) + D + DF — DF, D | 

ADD WITH CARRY, IMMEDIATE M(R(P)) + D + DF — DF, D,R(P) + 1 — R(P) 

SUBTRACT D M(A(X)) - D > DF, D 

SUBTRACT D IMMEDIATE M(R(P)) - D > DF, D; R(P) + 1 R(P) 

SUBTRACT D WITH BORROW M(R(X)) - D - (Not DF) > DF, D 

SUBTRACT D WITH BORROW, IMMEDIATE M(RA(P)) - D - (Not DF) —> DF, D; R(P) + 1 > RP) 

SUBTRACT MEMORY D-M(R(X)) —> DF, D 

SUBTRACT MEMORY IMMEDIATE D-M(R(P)) > DF, D; R(P) + 1 > R(P) 

SUBTRACT MEMORY WITH BORROW D-M(R(X))-(NOT DF) > DF, D 

SUBTRACT MEMORY WITH BORROW, D-M(R(P))-(NOT DF) > DF, D, R(P) +1 > A(P) 
IMMEDIATE 


BRANCH INSTRUCTIONS - SHORT BRANCH 


SHORT BRANCH 


M(R(P)) —» R(P).0 
NO SHORT BRANCH (SEE SKP) 


R(P) + 1 — R(P) 


- SHORT BRANCH IF D =0 
SHORT BRANCH IF D NOT 0 
SHORT BRANCH IF DF = 1 


lf D = 0, M(R(P)) - R(P).0, Else R(P) + 1 — R(P) 
if D Not 0, M(R(P)) — R(P).0, Else R(P) + 1 — R(P) 


| If DF = 1, M(R(P)) > R(P).0, Else R(P) + 1 - R(P) 


SHORT BRANCH IF POS OR ZERO 
SHORT BRANCH IF EQUAL OR GREATER 
SHORT BRANCH IF DF = 0 | 
SHORT BRANCH IF MINUS 

SHORT BRANCH IF LESS 

SHORT BRANCH IF Q = 1 

SHORT BRANCH IFQ=0 ___ 

SHORT BRANCH IF EF1 = 1 

SHORT BRANCH IF EF1 = 0 (EF 

SHORT BRANCH IF EF2 = 1 (EF 

SHORT BRANCH IF EF2 = 0 


if DF = 0, M(R(P)) > R(P).0, Else R(P) + 1 — R(P) 


IfQ = 1, M(R(P)) — A(P).0, Else R(P) + 1 —> A(P) 
IfQ = 0, M(R(P)) —> R(P).0, Else R(P) + 1 > R(P) 
If EF1 = 1, M(R(P)) > R(P).0, Else R(P) + 1 R(P) 
If EF1 =0, M(R(P)) > A(P).0, Else R(P) + 1 R(P) 
if EF2 = 1, M(R(P)) —> A(P).0, Else R(P) + 1 — R(P) 
If EF2 = 0, M(R(P)) —> R(P).0, Else R(P) + 1 > A(P) 
EF3 = If EF3 = 1, M(R(P)) > R(P).0, Else A(P) + 1 R(P) 
EFS = If EF3 = 0, M(R(P)) > A(P).0, Else R(P) + 1 R(P) 
~ If EF4 = 1, M(R(P)) > R(P).0, Else R(P) + 1 > R(P) 
If EF4 = 0, M(R(P)) > A(P).0, Else R(P) + 1 R(P) 


LONG BRANCH 
NO LONG BRANCH (SEE LSKP) 


M(R(P)) > R(P).1, M(R(P) + 1) + R(P).0 
R(P) = 2 > RiP) 


*The arithmetic operations and the shift instructions are the only ‘**This instruction is associated with more than one mnemonic. Each 
instructions that can alter the DF. After an add instruction: mnemonic is individually listed. ; 
DF = 1 denotes a carry has occurred , 
DF = 0 Denotes a carry has not occurred 
After a subtract instruction: - cl | 

DF = 1 denotes no borrow. D is a true positive number 
DF = 0 denotes a borrow. D is two’s complement 
The syntax “-(not DF)” denotes the subtraction of the borrow 


TAn idle instruction initiates a repeating S1 cycle. The processor will 
continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request is acknowledged, the idle cycle 
is terminated and the 1/O request is serviced, and then normal oper- 
ation is resumed. 
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table) 


INSTRUCTION | MNEMONIC OP CODE OPERATION 
BRANCH INSTRUCTIONS - LONG BRANCH (Continued) 


LONG BRANCH IF D = 0 IF D = 0, M(R(P)) — R(P).1, M(R(P) + 1) > R(P).0 

Else R(P) + 2 > R(P) 

IF D Not 0, M(R(P)) — R(P).1, 
M(R(P) + 1) + R(P).0 
Else R(P) + 2 — RiP) 

IF DF = 1, M(R(P)) > A(P).1, M(R(P) + 1) — R(P).0 
Else R(P) + 2 — R(P) 

IF DF = 0, M(R(P)) — R(P).1, M(R(P) + 1) —»> R(P).0 
Else R(P) + 2 — RiP) 

IF Q= 1, M(R(P)) — R(P).1, M(R(P) + 1) — R(P).0 
Else R(P) + 2 — RiP) 

IF Q =0, M(R(P)) — R(P).1, M(R(P) + 1) > R(P).0 

Else R(P) + 2 — R(P) 


LONG BRANCH IF D NOT 0 


LONG BRANCH IF DF = 1 


LONG BRANCH IF DF = 0 


LONG BRANCH IF Q = 1 


LONG BRANCH IF Q =0 


SKIP INSTRUCTIONS 


SHORT SKIP (SEE NBR) 
LONG SKIP (SEE NLBR) 
LONG SKIP IF D =0 
LONG SKIP IF D NOT 0 
LONG SKIP IF DF = 1 
LONG SKIP IF DF =0 
LONG SKIP IF Q= 1 
LONG SKIP IFQ=0 
LONG SKIP IF IE = 1 


CONTROL INSTRUCTIONS 


IDLE 
NO OPERATION 
SET P 
SET X 


R(P) + 1 > R(P) 
R(P) + 2 — R(P) 

if =0, R(P) + 2 > R(P), Else Continue 

If D Not 0, R(P) + 2 — R(P), Else Continue 
If DF = 1, R(P) + 2 > A(P), Else Continue 

if OF = 0, R(P) + 2 > R(P), Else Continue 

If Q = 1, R(P) + 2 + R(P), Else Continue 
if Q = 0, R(P) + 2 - R(P), Else Continue 
If 1E = 1, R(P) + 2 — R(P), Else Continue 


Wait for DMA or INTERRUPT; M(R(0)) — BUS 
Continue 

N—P 

N—X 


SETQ 13Q 
RESET Q 03Q 
SAVE T > M(R(X)) 


PUSH X, P TO STACK (X, P) — T; (X, P) > M(R(2)) Then P = X; 
R(2) - 1 R(2) 
M(R(X)) > (X, P); R(X) +1 > A(X), 19 IE 


M(R(X)) —> (X, P); R(X) + 1 > R(X), 0 > IE 


RETURN 
DISABLE 


INPUT-OUTPUT BYTE TRANSFER 


OUTPUT 1 
~ OUTPUT 2 
OUTPUT 3 
OUTPUT 4 
OUTPUT 5 
OUTPUT 6 
OUTPUT 7 


M(R(X)) + BUS; R(X) + 1 > R(X); N LINES = 1 
M(A(X)) + BUS; R(X) + 1 > R(X); N LINES = 2 
M(R(X)) + BUS; R(X) + 1 > R(X); N LINES = 3 
M(R(X)) > BUS; A(X) + 1 > A(X); N LINES = 4 
M(A(X)) > BUS; R(X) + 1 > R(X); N LINES = 5 
M(R(X)) > BUS; R(X) + 1 > R(X); N LINES = 6 
M(R(X)) BUS; A(X) + 1 > R(X); N LINES = 7 


INPUT 4 BUS—> M(R(X)); BUS — D; N LINES = 1 
INPUT 2 BUS—> M(R(X)); BUS — D; N LINES = 2 
INPUT 3 BUS—> M(R(X)); BUS > D; N LINES = 3 
INPUT 4 BUS— M(R(X)); BUS > D; N LINES = 4 
INPUT 5 BUS— M(R(X)); BUS — D; N LINES = 5 


*The arithmetic operations and the shift instructions are the only ‘**This instruction is associated with more than one mnemonic. Each 


instructions that can alter the DF. After an add instruction: mnemonic is individually listed. 
DF = 1 denotes a carry has occurred ance en ; 
DF = 0 Denotes a carry has not occurred An idle instruction initiates a repeating S1 cycle. The processor will 


continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request is acknowledged, the idle cycle 
is terminated and the I/O request is serviced, and then normal oper- 
ation is resumed. 


After a subtract instruction: 
DF = 1 denotes no borrow. D is a true positive number 
DF = 0 denotes a borrow. D is two’s complement 
The syntax “-(not DF)” denotes the subtraction of the borrow 
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table) 


INSTRUCTION | MNEMONIC | OP CODE OPERATION 


INPUT-OUTPUT BYTE TRANSFER (Continued) 


INPUT 6 INP 6 6E BUS-» M(R(X)); BUS — D; N LINES =6 
INPUT 7 INP 7 6F BUS-—> M(R(X)); BUS -> D; N LINES =7 


*The arithmetic operations and the shift instructions are the only ‘**This instruction is associated with more than one mnemonic. Each 
instructions that can alter the DF. After an add instruction: mnemonic is individually listed. 
DF = 1 denotes a carry has occurred 
DF = 0 Denotes a carry has not occurred 
After a subtract instruction: 
DF = 1 denotes no borrow. D is a true positive number 
DF = 0 denotes a borrow. D is two’s complement 
The syntax “-(not DF)” denotes the subtraction of the borrow 


tAn idle instruction initiates a repeatin g Si cycle. The processor wil will 
continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request is acknowledged, the idle cycle 
‘is terminated and the I/O request is serviced, and then normal oper- 
ation is resumed. 


NOTES FOR TABLE 1 


1. Long-Branch, Long-Skip and No Op instructions require three If the tested condition is met, then branching takes place; the 


cycles to complete (1 fetch + 2 execute). 


Long-Branch instructions are three bytes long. The first byte 
specifies the condition to be tested; and ve second and third 
byte, the branching address. 


The long-branch instructions can: 
a. Branch unconditionally 
b. Test for D =O or D#0 
c. Test for DF = 0 or DF = 1 
d. Test forQ =O0orQ=1 
e. Effect an unconditional no branch 


If the tested condition is met, then branching takes place; the 
branching address bytes are loaded in the high-and-low order 
bytes of the current program counter, respectively. This 
operation effects a branch to any memory location. 


If the tested condition is not met, the branching address bytes 
are skipped over, and the next instruction in sequence is fetched 
and executed. This operation is taken for the case of uncondi- 
tional no branch (NLBR). 


. The short-branch instructions are two bytes long. The first byte 
specifies the condition to be tested, and the second specifies 
the branching address. 


The short branch instruction can: 
a. Branch unconditionally 
b. Test for D =0 orD¥0 
c. Test for DF = 0 or DF = 1 
d. Test forQ=0o0rQ=1 
e. Test the status (1 or 0) of the four EF flags 
f. Effect an unconditional no branch 
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branching address byte is loaded into the low-order byte position 
of the current program counter. This effects a branch within the 
current 256-byte page of the memory, i.e., the page which holds 
the branching address. If the tested condition is not met, the 
branching address byte is skipped over, and the next instruction 
in sequence is fetched and executed. This same action is taken 
in the case of unconditional no branch (NBR). 


. The skip instructions are one byte long. There is one Uncondi- 


tional Short-Skip (SKP) and eight Long-Skip instructions. 


The Unconditional Short-Skip instruction takes 2 cycles to 
complete (1 fetch + 1 execute). Its action is to skip over the byte 
following it. Then the next instruction in sequence is fetched and 
executed. This SKP instruction is identical to the unconditional 
no-branch instruction (NBR) except that the skipped-over byte is 
not considered part of the program. 


The Long-Skip instructions take three cycles to complete: 
(1 fetch + 2 execute). 


They can: 
a. Skip unconditionally 
b. Test for D = 0 or D#0 
c. Test for DF = 0 or DF = 1 
d. Test forQ=OorQ=1 
e. Test for IE = 1 


If the tested condition is met, then Long Skip takes place; 
the current program counter is incremented twice. Thus two 
bytes are skipped over and the next instruction in sequence 
is fetched and executed. If the tested condition is not met, 
then no action is taken. Execution is continued by fetching 
the next instruction in sequence. 


CDP1802A, CDP1802AC, CDP1802BC 


Timing Waveforms 


| | | | | | 
| | 
| | | | ls | / t . 
ee | | | | | | PLH PHL 
je——t—'su——ehe- tH ! 


memory J'PLH. PHL HIGH ORDER 'PLH PHL | LOW ORDER i - // 
aooress [77//777/YNAOORESS BYTE [™ “A | ADDRESS BYTE "RL a 
| | t 


= tp t | i | | | | t 
MRD LH PHL\ tsu | | | PLH 
(MEMORY 
READ CYCLE) | | 
MWR a tPLH TPHL 'PLH 
(MEMORY tpHL | | | 
WRITE CYCLE) an | tH 
DATA FROM 
CPU TO BUS 
stare *PLH\ tPLH Y 
CODES HY tPHL, 


Q | | tPLH, tPHL 


NO,NI,N2 tery 

(I/0 | 

EXECUTION | 
CYCLE) | 


| 
weet, NLL LLL 


DMA 
REQUEST 


tpHL! 


DATA 
| LATCHED IN CPU 


| 
| 
INTERRUPT | 
REQUEST FLAG LINES | \isuT tH | 


SAMPLED (IN Sl!) 


‘EF 1-4 


ANY NEGATIVE 
TRANSITION 


NOTES: 


1. This timing diagram is used to show signal relationships only 
and does not represent any specific machine cycle. 


2. All measurements are referenced to 50% point of the 
waveforms. 
3. Shaded areas indicate “Don't Care” or undefined state. 
Multiple transitions may occur during this period. 
FIGURE 15. TIMING WAVEFORMS 
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Dynamic Electrical Characteristics at T, = -40°C to +85°C, C, = 50pF; Vpp +5% 


Clock to State Code | tety, tee 300 450 
. 250 

150 250 
Clock to Q tei, text 250 
150 

. 100 150 

Clock to N (0-2) teiy, teHe 300 

200 

150 


MINIMUM SET UP AND HOLD TIMES: 
Data Bus Input Set Up | -20 25 


KS 
oo 


Gq 

nn 

oO 
EERE 


275 


CDP1802A, CDP1802BC 
CDP1802AC LIMITS LIMITS 
Vec | Vpo 
CHARACTERISTIC svuso. | | wi) | we | max | te | max | unr 
PROPAGATION DELAY TIMES 
Clock to TPA, TPB teLH: teuL 200 300 
150 250 
100 150 
Clock-to-Memory High-Address Byte toy, tpHe 5 600 850 475 
5%, 400 600 - 
10 300 400 - 
Clock-to-Memory Low-Address Byte Valid | tory, teyt 5 250 175 
5 150 - 
10 100 - 
Clock to MRD teu 5 200 300 175 275 
) 150 250 - - 
| | 10 100 150 - - 
Clock to MRD teLy 5 200 350 175 275 
10 150 290 - 
10 100 175 - 
Clock to MWR tei, teu 200 300 175 
150 250 
100 150 
Clock to (CP U DATA to BUS) Valid teLH: tout 300 450 375 
| 250 350 
100 200 


‘ 
—_ 
of? 
- O1 
oe) 


Data Bus input Hold 150 200 125 
100 125 
75 100 


DMA Set Up 


~_ = 


DMA Hold 150 


Interrupt Set Up -75 -75 


*Typical values are for T, = +25°C and nominal Vpp. 
**Maximum limits of minimum characteristics are the values above which all devices function 
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Dynamic Electrical Characteristics at T, = -40°C to +85°C, C, = 50pF; Vpp +5% (Continued) 


CHARACTERISTIC SYMBOL | (Vv) 


MINIMUM SET UP AND HOLD TIMES: (Continued) 
Interrupt Hold 


WAIT Set Up 


Minimum Pulse Width Times: 
CLEAR Pulse Width 


CLOCK Pulse Width 


“Typical values are for Ty = +25°C and nominal Vpp. 
**Maximum limits of minimum characteristics are the values above which all devices function 


CMOS MICRO- 
PROCESSORS 


Timing Specifications as a function of T(T = 14g. ocx) at Ta = -40 to +85°C 


CDP1802A, CDP1802BC 
CDP1802AC LIMITS LIMITS 
Vcc 
" Hi 
Ba 
5 
5 
10 
5 
5 


CHARACTERISTIC 


High-Order Memory-Address Byte 
Set Up ToTPA “\ Time 


2T-550 27-325 27-275 


T/2-25 T/2-15 


High-Order Memory-Address Byte Hold 
after TPA Time 


Low-Order Memory-Address Byte Hold 
after WRTime — 


CPU Data to Bus Hold after WR Time 


Required Memory Access Time 
Address to Data 


MRD to TPA *\ 


“Typical values are for Ty = +25°C and nominal Vpp 
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_ TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 


DATA MEMORY 
STATE OPERATION -—s ADDRESS a —— 


RESET 0->1,N, Q, X, P; 1 IE PO XMXX | ot ft | 


Initialize 0000 +R XXXX 
Not Programmer 
Accessible 


wn «| MN | 
Branch Not Taken; RP + 1- — RP 


OUT 1 
OUT 2 
OUT 3 
OUT 4 
OUT 5 
OUT 6 
OUT 7 


BUS — MRX, D 
from 1/O 
Device 
INP 7 


MRX —> (X,P); RX + 1 — RX; 
1 IE 
O- IE 


ee ae ee aC 
m0 _[owaxexiaee fo | mx {1fofo| 

[wex+o+or>or0 | wx | x [o]fsfo] 3 
fwex-0-ovvor0 | wx | x tofsfo] 3 


MRX — BUS; RX + 1 — RX 


4 


Plt? 


NOTES: . E. Suppress TPA, wait for DMA. 

A. IE = 1, TPA, TPB suppressed, state = S1. . F. IN REQUEST has priority over OUT REQUEST. 

B. BUS = 0 for entire cycle. G. Number refers to machine cycle. See Figure 16 timing waveforms 
C. Next state always S1. for machine cycles 1 through 9. 


D. Wait for OMA or INTERRUPT. 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


sure] | w [wenowe| __overnon_| “is | Aone | we | | utes | norese 
STATE OPERATION BUS ADDRESS LINES 

7] 6 | swno [sei soror>msem) | Pet | ex | +f1]o] + 
conf ‘pe peceoee ee 


| SAV Led 

Saal ea 
R2-1—4 R2 

| REQ [o> | Float _| 

| SEQ 


= 


sol [WAP +D+0F-vR OrRP+1_| NAP _ 
[sos [war o-ore-oF one WP 
[sac [MSsi6)> OF OF > S810) _| Foal | 
[svar [o-waP-DrN OF CAPT | _NAP_ 
2 
os 
a 
em 
cm 


Pl? 


2 
FL mo [osrNo 
CC 


po] >| ol | 
PPlele 
oolnl nm 


weeso| APsi | 0 
sin pent me | we [no 
r etTarrsAPsi>AP [waren] Ast | 0 
Cee 

Fratonsar vine wren] ret 0 

a 

Co 


Not Taken: No Operation 


heal 
[RoCpmaion dP 

[NeOperion dN 
ae er 
F[sex_[wox Ci 
a —s 


mole 


” 
~~ 


MRX OR D > D 
MRX AND D > D 
MRX XOR D > D 


MRX + D - DF, D 
MRX - D > DF, D 
D - MRX — OF, D 


SHR LSB(D) > DF; 0 » MSB(D) 


NOTES: E. Suppress TPA, wait for DMA. 

A. IE = 1, TPA, TPB suppressed, state = S1. F. IN REQUEST has priority over OUT REQUEST. 

B. BUS = 0 for entire cycle. G. Number refers to machine cycle. See Figure 16 timing waveforms 
C. Next state always S1. for machine cycles 1 through 9. 


D. Wait for DMA or INTERRUPT. 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL eee STATES coo 


DATA MEMORY 
STATE MNEMONIC OPERATION BUS ADDRESS MRD fines NOTESS 


MRP -— D; RP + 1 — RP . 

man ‘s MRP OR D > D; RP + 1 > RP 
0 MRP AND D — D; RP + 1 — RP 

MRP XOR D > D; RP + 1 — RP 

t) ; MRP + D > DF, D; RP + 1 — RP 
MRP - D > DF, 0; RP + 1 — RP 

D - MRP — DF, D; RP + 1 > RP 


SCC 


BUS —> MRO; RO + 1 — RO F; 
| Device 


[—ewnour [wos eusrrorroro | wo [wo fe, ,o | re 
ss wrenoet_[xrstosmiorzox | rot | aw [tafe] e_ 
si [tom ifr ere war-0 front or _fofafo | eo 


s 
NOQOQD>oO®D 


NOTES: E. Suppress TPA, wait for DMA. 

A. IE = 1, TPA, TPB suppressed, state = $1. F. IN REQUEST has priority over OUT REQUEST. 

B. BUS = 0 for entire cycle. G. Number refers to machine cycle. See Figure 16 timing waveforms 
C. Next state always S1. for machine cycles 1 through 9. 


'D. Wait for DMA or INTERRUPT. 


Meee CYCLE n CYCLE ine yy CYCLE (n + 2) CYCLE (n+ 3) CYCLE (n + 4) 
CYCLE 
MA HIGH ADD LOW ADDRESS HIGH ADDL. = LOW ADDRESS — [HIGH AOD LOW ADDRESS HIGH ADD, LOW ADDRESS IGHADD] LOW 


GENERAL TIMING WAVEFORMS 


INSTRUCTION 


FETCH 150) EXECUTE (Si) FETCH (SO) 
keo— MEMORY READ CYCLE eee = NON MEMORY CYCLE ——enfe— MEMORY READ CYCLE ——{<—_— NON MEMORY CYCLE —mpa— MEMORY 


FETCH (SO) EXECUTE (Si) 


MWR (HIGH) 


oureur al ZL LLL. 


+: oO 
ALLOWABLE MEMORY ACCESS VALID OUTPUT VALID OUTPUT 


NO. 1 NON MEMORY CYCLE TIMING WAVEFORMS 


VWZ/ZB DON'T CARE” OR INTERNAL DELAYS [MBM HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) 
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[instRUCTION EXECUTE St FETCH (SO) EXECUTE (St) FETCH (SO) 
b»— mi MORY READ CYCLE tee EMORY RITE OvCLE o}—- MEMORY READ CYCLE —-he—— MEMORY WRITE CYCLE —o{a— MEMORY 


READ 


MRO | | | CYCLE 


MWR | | | 


MEMORY : 
OUTPUT VALI LLL 
+--+ 4 
ALLOWABLE MEMORY ACCESS = VALID OUTPUT VALID OUTPUT 
CPU OUTPUT 
ME MORY 


NO. 2 MEMORY WRITE CYCLE TIMING WAVEFORMS 


[struction FETCH (SOI EXECUTE 05) FETCH (SO) EXECUTE (S1) FETCH (SO) 
Ke MEMORY READ CYCLE ——mh——— MEMORY READ CYCLE —~ oe MEMORY READ CYCLE —th—-— MEMORY READ CYCLE ofa MEMORY 


READ 


— ‘ YCLE 
MRD | | | | | [covet 


MWR (HIGH) 


ee A WLLL MR A-_-Z-_-—-. 


<<. ——_ —__» <r ——— oe 
ALLOWABLE MEMORY ACCESS VALID OUTPUT VALID OUTPUT VALID OUTPUT VALIO OUTPUT 


NO. 3 MEMORY READ CYCLE TIMING WAVEFORMS 


INSTRUCTION FETCH (SO) EXECUTE (STi EXECUTE (SI) FETCH (SO) EXECUTE (S1) 
je—— MEMORY READ CYCLE —ehe——— MEMORY READ CYCLE ~tfe——— MEMORY READ CYCLE -mfe——-MEMQRY READ CYCLE—fe——— MEMORY 


READ 


MRO | | | | | | CYCLE 


MWR (HIGH 
MEMORY PrP 6% 4, 
ouTpuT 2 VIKLLILLLLLLLiti Lo LELLLi Le 
ALLOWABLE MEMORY ACCESS VALID OUTPUT VALID OUTPUT VALID OUTPUT 


NO. 4 LONG BRANCH OR LONG SKIP CYCLE TIMING WAVEFORMS 


W/},DON'T CARE” OR INTERNAL DELAYS [MBB HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 
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MACHINE CYCLE CYCLE n CYCLE (n+ 1) 
INSTRUCTION FETCH (SO) EXECUTE (S1) 


“MRO 


NO-—N2 N=9—F 


MWR 


MEMORY 
OUTPUT 
hat .—__—______—— > 
ALLOWABLE MEMORY ACCESS VALID OUTPUT 


DATA BUS.* VALID DATA FROM INPUT DEVICE 


— MEMORY a eee MEMORY 
READ CYCLE - WRITE CYCLE 


NO. 5 INPUT CYCLE TIMING WAVEFORMS 


“User generated signal 


0 1 2 > a 5 6 7 0 1 2 3. «4 ae ee | 0 1 
CLOCK 
TPA 
TPR 
eo | EVOL, VCE | 
CYCLE CYCLE n CYCLE (n+ 1) 


INSTRUCTION FETCH (SO) EXECUTE (St) 
MRD | | : | 
RO een et 


ALLOWABLE MEMORY ACCESS 
+. 


sana VILL. xxqzTEexl VME. a 


VALID DATA FROM MEMORY 


. 
DATA STROBE ‘ ALLOWABLE MEMORY ACCESS VALID OUTPUT 


(MRD - TPB. N} | 
MEMORY MEMORY 
— eee ees 
WR pe ay CYCLE a READ CYCLE et 


| | | 
“User generated signal 


NO. 6 OUTPUT CYCLE TIMING WAVEFORMS 


V/A PONT CARE” OR INTERNAL DELAYS [RBBB HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 
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NE cle ene ee ee eee 
INSTRUCTION "JU FETCHISO) ———=“‘“CSW”;C*‘(NUOCOC#‘#(#(NCWEMECUTE IS) SCsé‘WSC#“‘CYNT OMAN IS2.SS*dYO_ “FTC (50) 
OMA-IN* LOLOL ED PW7_nnnuazD WMMIUSULUMMMMMMLMTA 


MRO 


MWR Nee ee oe we ane | 


BOTPu LAATLETAALASEA LD NLL. 


VALIO OUTPUT VALID OUTPUT 


DATA BUS’ ; VALIO DATA FROM INPUT DEVICE 
| { 
] 


| 
MEMORY | 


MEMORY \ 1 
peer as READ CYCLE wore READ, WRITE OR = ————peug______ MEMORY: ete MEMORY ——_— 
NON MEMORY CYCLE WRITE CYCLE READ :CYELE ; 


“User generated signal 


NO. 7 DMA IN CYCLE TIMING WAVEFORMS 


CMOS MICRO- 
PROCESSORS 


MACHINE - 
CYCLE CYCLE n CYCLE (n+ 1) CYCLE (n+ 2) CYCLE (n + 3) 


MRO Reh e mryechine Pec un et tae =, 
MWR te a a 
MEMORY < r 
OUTPUT BS BSrosasieeesee: Fi ESS SES LIES SSLIE LES (Ltt iiitidttio (SLL 
5 VALID DATA FROM MEMORY 

ere VALIO OUTPUT rm 

STROBE | | | \ 

(S2.TPB) | | MEMORY | MEMORY l 
eg MEMORY ______gebeg-—— READ, WRITE OR Sa a a eT) CV CLE MEMORY 
READ CYCLE NON MEMORY CYCLE | jREAD CYCLE 


| { 


“User generated signal 


NO. 8 DMA OUT CYCLE TIMING WAVEFORMS 


W/Z) 0ON'T CARE” OR INTERNAL DELAYS BBM HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 
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CDP1802A, CDP1802AC, CDP1802BC 


_ CLOCK 


TPB 


a a” i as cs a a: a a ca 0“ a J a a a cr nr a 
TA fo] ; 71 7 =] 


oie 
INSTRUCTION 
MRD Ne meee ee ee ee ee J | 
MWR rd 
INTERRUPT © “7 i, VLLTLETSEEL 7 Uy, 4 


(INTERNAL) IE aaa a a A ae ec eee 


MEMORY 
OUTPUT 


VALID OUTPUT 


\ | 
MEMORY 


| READ CYCLE | 


“User generated signal 


NO. 9 INTERRUPT CYCLE TIMING WAVEFORMS 


LMMILLLLLILL AMA ha] 
2 


VALID OUTPUT 


| | | 


MEMORY READ, WRITE MEMORY 
————_ . ——ore——-—-—— NON-MEMORY CYCLE ———o4a————_—_—_ ————__—— | 
OR NON-MEMORY CYCLE | READ CYCLE 


} 


W//} DON'T CARE” OR INTERNAL DELAYS [BBB HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 


Operating and Handling Considerations 


1. Handling 


All inputs and outputs of Harris CMOS devices have a 
network for electrostatic protection during handling. 


2. Operating 
Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
Vpp-Vss to exceed the absolute maximum rating. 


Input Signals 


To prevent damage to the input protection circuit, input 
signals should never be greater than Vpp nor less than Vgg. 
Input currents must not exceed 10mA even when the power 
supply is off. 


Unused Inputs 


A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vsg, whichever is appropriate. 


Output Short Circuits 


Shorting of outputs to Vpp or Vgg may damage CMOS 
devices by exceeding the maximum device dissipation. 
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RIS 


SEMICONDUCTOR 


CDP1802A/3 
CDP1802AC/3 


High-Reliability CMOS 8—Bit Microprocessor 


it 


January 1992 


Features 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


For Use In Aerospace, Military, and Critical 
Industrial Equipment 


Minimum Instruction Fetch-Execute time of 
2.2uS (Maximum Clock Frequency of 7.4MHz) at 
Vpp = 10V, Ta = +25°C 


Operation Over the Full Military 
Temperature Range.......... -55°C to +125°C 


Any Combination of Standard RAM and ROM Up 
To 65,536 Bytes 


8—Bit Parallel Organization With Bidirectional 
Data Bus and Multiplexed Address Bus 


16 x 16 Matrix of Registers for Use as Multiple 
Program Counters, Data Pointers, or Data 
Registers 


On-—Chip DMA, Interrupt, and Flag Inputs 
High Noise Immunity.............- 30% Of Vop 


Description 


The CDP 1802A/3 high-reliability LSI CMOS 8-bit register- 
oriented central—processing unit (CPU) is designed for use as a 
general-purpose computing or control element in a wide range of 
stored—-program systems or products. 


The CDP 1802A/3 includes all of the circuits required for fetching, 
interpreting, and executing instructions which have been stored in 
standard types of memories. Extensive input/output (I/O) control 
features are also provided to facilitate system design. 


The 1800 series architecture is designed with emphasis on the 
total microcomputer system as an integral entity so that systems 
having maximum flexibility and minimum cost can be realized. The 
1800 series CPU also provides a synchronous interface to 
memories and external controllers for |/(O devices, and minimizes 
the cost of interface controllers. Further, the I/O interface is 
capable of supporting devices operating in polled, interrupt-driven, 
or direct memory—access modes. 


The CDP1802A/3 and CDP1802AC/3 are functionally identical. 
They differ in that the CDP1802A/3 has a recommended operating 
voltage range of 4V to 10.5 volts, and the CDP1802AC/3 a 
recommended operating voltage range of 4 to 6.5 volts. 


The CDP1802A/3 is functionally identical to its predecessor, the 
CDP1802. The “A” version includes some_ performance 
enhancements and can be used as a direct replacement in 
systems using the CDP 1802. 


These types are supplied in 40 lead dual-in-line sidebrazed 
ceramic packages (D suffix), that conforms to Mil-M-38510 case 
outline D-5. 


40 LEAD SIDEBRAZED CERAMIC DIP (PACKAGE TYPE D) 
TOP VIEW 


Copyright © Harris Corporation 1991 
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CMOS MICRO- 
PROCESSORS 


Specifications CDP1802A/3, CDP1802AC/3 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 


Device Dissipation Per Output Transistor 


(All Voltages Referenced to Vgg Terminal) T, = Full Package Temperature Range............... 100mW 
GOP 1S0ZAS iconGr swe ay AEE OA Pere ees -0.5Vto+11V Operating Temperature Range (Ta): 
CDP1802AC/3........... tae Wh Melee woes we —0.5V to +7V Package Type D............. cece cece wees —55°C to +125°C 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V Storage Temperature Range (Tgig)....-..--.-- —65°C to +150°C 
DC Input Current, any One Input......................06- +10mA Lead Temperature (During Soldering): 
Power Dissipation Per Package (Pp) At distance 1/16 +1/32 In. (1.59 + 0.79mm) 

Ta = -55°C to +100°C (Package Type D)............. 500mWw fromcase for 10S Max........ cc ccc cece ce eee eee +265°C 

Ta = +100°C to +125°C (Package Type D).... Derate Linearly at | 

12mW/C to 200mW 


Recommended Operating Conditions 1, = Full-Package Temperature Range. For maximum reliability, operating 
conditions should be selected so that operation is always within the following ranges. — 3 


CHARACTERISTIC 
DC Operating Voltage Range 
Input Voltage Range 
Maximum Clock Input Rise or Fall Time 


Performance Characteristics 


LIMITS 


Vop CDP1802A/3 CDP1802AC/3 
55°C to +25°C +125°C —55°C to +25°C +125°C UNITS 


Vv 
Minimum Instruction Time (Note 1) 5 4.5 5.9 4.5 5.9 ys 
10 2.2 2.8 - - 
Maximum DMA Transfer Rate 5 450 340 450 340 Kbytes/s 
10 925 700 = - 
Maximum Clock Input Frequency, 5 DC-3.6 DC-2.7 DC-3.6 DC-2.7 MHz 
Load Capacitance (C,)=50pF fg, 10  DC-7.4 DC-5.6 - - 
NOTES: 
1. Equals 2 machine cycles — one Fetch and one Execute operation 


for all instructions except Long Branch and Long Skip, which re- 
quire 3 machine cycles — one Fetch and two Execute operations. 


CHARACTERISTIC 


ADDRESS BUS 


CDP1852 
INPUT PORT 


CDP1802 
8—BIT CPU 


CDP1833 
1K—ROM 


CDP1824 
32 BYTE RAM 


MWR 


DATA Cs1 


CS2 


N1 


TPB DATA TPA TPA DATA 


8-BIT DATA BUS 


FIGURE 1. TYPICAL CDP1802A/3 SMALL MICROPROCESSOR SYSTEM 
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Specifications CDP1802A/3, CDP1802AC/3 


Static Electrical Characteristics All Limits are 100% Tested 


CONDITIONS LIMITS 


OUT IN CC» *DD 
SYMBOL ) [max | MN | MAX _| UNrTS 
100 HA 
120 
he ee bel RA 


A 

a 4 a 
a 

™ 

A 

A 

A 


CHARACTERISTIC 


Quiescent Device Current 


Output Low Drive (Sink) 


1. 
Current 


20 
(Except XTAL) 2.50 


Oo 
.N 


> 
(o>) 


Output High Drive (Source) 
Current 


(Except XTAL) 


Output Voltage V 
Low—Level 
V 


(V) 
0, 10 
ee a 
—0.30 
0, 10 


35 uA 


>» 
[o>] 
| 
_ 
we 
gl 


0, 10 


[o) 
on 


10 


0, 10 


— 
Lecoas 
mcd 
ae 
— 
ae 
ea 
iin 
sae 
— 
a 
a 
ms 


(V) 

0.4 

9.5 

1,9 
a 
a 


sz 1.5 
a 05,45 | = a nae 
oe wa | 28 
x | |{28 
3-State Output Leakage 05 | yt Oo 
Ene iA 


1. 5V level characteristics apply to part CDP 1802AC/3. 
5V and 10V level characteristics apply to part CDP 1802A/3. 


LOAD CAPACITANCE (C, )= SOpF tttrt ttt tH pt 
eg Basar seven’ 2aaueauee 
EERE BER BRSESES BERENSON RSP Geena a 


Sossesasostseasseasttasstteastrestrenstessts 


x 
= z= 
1! = 
ey a 
oO oa 
= (Ss) 
> = 
(S) ~ 
z © 
é Fr 
2 > 
w (eo) 
cx rd 
= rg 
) & 
°o 

oOo 
jl a 
o rs) 
= 
5 3 
= = 
s = 
a a 
= = 
= 
iw a 
- - 
“” n 
~ > 
n 7) 


O Coo ORT TH HT HH 
25 35 45 55 65 75 85 95 105 15 125 2 3 4a 5 6 7 8 9 ike) ti 
AMBIENT TEMPERATURE (Ta)- °C SUPPLY VOLTAGE (Vop)— V 
FIGURE 2. TYPICAL MAXIMUM CLOCK FREQUENCY ASA FIGURE 3. TYPICAL MAXIMUM CLOCK FREQUENCY AS A 
FUNCTION OF TEMPERATURE FUNCTION OF SUPPLY VOLTAGE 
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CDP1802A/3, CDP1802AC/3 


yw—(HO}) 1N3YYND (3DENOS) HOIK LNd.LNO 
- N m vz n wo . 


-2 


-3 


-4 


-6 
as 


DRAIN -TO-SOURCE VOLTAGE (Vps)-V 
-7 -5 


Syinitistiitis: 


78 


’ a t © a = i's) 


su—(H11)‘HLs) SWil NOILISNVYL 


_ FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


ISO 


LOAD CAPACITANCE (CL_)— pF 
FIGURE 4. TYPICAL TRANSITION TIME VS. LOAD CAPACI- 


SSSSTRSISASKLASESAHES BESS aseeseeses 
© © O ° 


CHARACTERISTICS 


TANCE 


CLOCK INPUT FREQUENCY ( f¢)—MHz 


AT M(0000) 
3707°AT M(8107) 


3s 
Ou 
Cz 
0 
w2 
aa 
ae 
4 
Tritt Lieei = 
Peet 
os 
d5580 PERRSSER ES seen e 
Pe ett cane 
to 
sre 
- Ps) 


jase 
BSUSBBEES 
ae eas 
ooeegees 
aGunas 


H 


HHH 
i 
Ef 
| a 
r 

tf 


HE 
| 
: 
: 
a 
f 
4 


SERRE ESREESaRRe SRSSSSCSCES SeSsesee \t 
SOS8E GERSE EESAS SSEE0 8288 FERRE CARS.‘ 


oe) N i) = 


vyw-(101) INSuYND (HNIS) MOT LN LNO 


C_* 50 pF 
FIGURE 7. TYPICAL POWER DISSIPATION AS A FUNCTION 


Vv 


ORAIN-TO-SOURCE VOLTAGE (Vos) - 


FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 


OF CLOCK FREQUENCY FOR’ BRANCH 
INSTRUCTION AND IDLE INSTRUCTION 


CHARACTERISTICS 


eeeuLseeuceaseen PING 
SSSEBRS SREB RUSAASe. UBSseBe\ 
SRSRRSSSCRSSseReaeae, Ceesnee Yt 


8 wu] = i re) “ 
su —(THd 7 ‘H1ds7) SWI AV130 NOLLYSWdOd V 


SPEC 0 
VALUE 


NOTE: ANY OUTPUT 


ALOAD CAPACITANCE (AC,)— pF 


EXCEPT XTAL 


FIGURE 8. TYPICAL CHANGE IN PROPAGATION DELAY 


AT 50 pF 


AS A FUNCTION OF A CHANGE IN LOAD 


CAPACITANCE 
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Specifications CDP1802A/3, CDP1802AC/3 


Timing Specifications as a function of T (T = 1Actock), C. = 5OpF 


SYMBOL 


Implicit Characteristics** T, = -55°C to +25°C 


TYPICAL 
CHARACTERISTICS SYMBOL Vop (V) VALUES 


Typical Total Power Dissipation pteamHz [| 
Idle “OO” at M(000), C, = 50pF potaamz fo | 
Effective Input Capacitance Any Input a 
Effective 3-State Terminal Capacitance DATA BUS ae Te 
imeem oamreenvaiee YOR 
paramos | 


**These characteristics are not tested. Typical values are provided for guidance only. 


-LIMITS* 


0 


CHARACTERISTIC UNITS 


High—Order Memory—Address Byte 


Set Up to TPA “\ Time 


High—Order Memory—Address Byte 


Hold After TPA Time 


Low—Order Memory—Address Byte 


Hold After WR Time 


CPU Data to Bus Hold 


Te 


After WR Time 


Required Memory Access Time 


Address to Data 


iw] 
Oo 


“These limits are not directly tested. 


CMOS MICRO- 
PROCESSORS 


UNITS 


7.5 
2.4 
10 


mW 
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— CDP1802A/3, CDP1802AC/3 


oa | —oo— 2 —ofe— 3 —ehe— 4 — oe — ee ee er Pe eo) 


MEMORY  IPLH. HIGH ORDER LOW ORDER 
ADORESS 177//77//7NADORESS BYTE [" _A\ | ADORESS BYTE 


MRD | 
(MEMORY 
READ CYCLE) 


MWR 
(MEMORY 
WRITE CYCLE) 


DATA FROM 
CPU TOBUS | 


tPLH. tPHL 


| 


NO,NI,N2 tPLH 
(1/0 
EXECUTION 
CYCLE) 


| | DATA 
| LATCHED IN CPU 


ewes, 7M LLL = 


DMA| SAMPLED (S!,S$2,S3) 


OMA | 
REQUEST 7 . | INTERRUPT ‘tsu' tH 
| SAMPLED (S!,S2) | 
INTERRUPT | 7 
BERvED) 7 rLas unes | 'suT fH 
SAMPLED (IN Si) 
EF 1-4 | 
ANY NEGATIVE 
TRANSITION 
WAIT 
CLEAR 
NOTES: 
1. This timing diagram is used to show signal relationships only and 3. Shaded areas indicate “don't care” or undefined state. Multiple 
does not represent any specific machine cycle. transitions may occur during this period. 


2. All measurements are referenced to 50% point of the waveforms. 


FIGURE 9. TIMING WAVEFORMS 
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Specifications CDP1802A/3, CDP1802AC/3 


Dynamic Electrical Characteristics C, = 50pF, Timing Measurement at 0.5 Vpp Point 


CHARACTERISTIC SYMBOL Vop (V) | MIN [MAX | | min [MAX | UNITS 
Propagation Delay Times ToL: tPHL fee tor ae ee | = {| 870 
Clock-to—Memory High Address tery: tpye ee =| fF 725 | = =| 950 
Clock=Io-Memory Low-Address bag) Se 
aad coe es ae Os 
CS CO 
Clock To (GPU DATA 10 BUS) Say a a 
Clock to State Code oe ee 
P| 20 | - | 26 | 
Clackto Q Se ee 
Clock to N (0-2) te» tPHL en ae a 
Shamil seems esse es eel 
Interface Timing Requirements: tsu | 10 | - | | 10 [| = | 
Data Bus Input Hold (Note 1) a. i aoe 
20 


DMA Hold (Note 1) 
Interrupt Setup 


Interrupt Hold (Note 1) 


0 

WATT Setup iu 3 os 
oe 

EF1—4 Hold (Note 1) 100 135 


Required Pulse Width Times (Note 1): 
CLEAR Pulse Width (Note 1) 


CLOCK Pulse Width 


ye) 
af 
i=) 


x 


~ > ~ 
wo 
E | = 


e —_, 


_ 
oO 


= 

| oom 
= 
uo 
© 


= 
= 


5V level characteristics apply to part CDP1802AC/3 
5V level and 10V level characteristics apply to part CDP1802A/3 
NOTE: 
1. Minimum input Setup and Hold Times required by part CDP 1802A/3 


3- 


Ww 
oe) 


CMOS MICRO- 
PROCESSORS 


CDP1802A/3, CDP1802AC/3 


f 
li 
] 


NC 


NC 


SHS BI SHES lS] Ee] [8 


ae paren anereeeeeceelt 
< 
o 
o 


Hi 
| 


AIRIBIBIBIEIBIFISIBIBIOIOIMIOIoNE 


All Resistors are 47kQ +20% 


“TYPE TEMPERATURE TIME 
CDP1802A +125°C 160 Hours 
CDP1802AC +125°C 160 Hours 


FIGURE 10. BIAS/STATIC BURN-IN CIRCUIT 
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CDP1805AC 
CDP1806AC 


CMOS 8-Bit Microprocessor 
With On-Chip RAM* and Counter/Timer 


re) 


om RIS 


SEMICONDUCTOR 


December 1991 


Features 


instructions than the CDP 1802. The 32 new software instructions add subrou- re) 2 

* On-Chip Crystal or RC Controlled tine call and return capability, enhanced data transfer manipulation, Counter/ xO 
Oscillator Timer control, improved interrupt handling, single-instruction loop counting, 2 ® 

° 8-Bit Counter/Timer and BCD arithmetic. on z 
*CDP1805AC Onl Upwards software and hardware compatibility is maintained when substituting 2 o 
my a CDP1805AC or CDP1806AC for other CDP1800-series microprocessors. O a. 


instruction Time of 3.2us, -40°C to 
+85°C 


123 Instructions - Upwards Software 
Compatible With CDP1802 


BCD Arithmetic Instructions 
Low-Power IDLE Mode 


Pin Compatible With CDP1802 
Except for Terminal 16 


64K-Byte Memory Address Capabil- 
ity 


64 Bytes of On-Chip RAM* 
16 x 16 Matrix of On-Board Registers 


Ordering Information 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Plastic DIP 


Burn-in 


Copyright © Harris Corporation 1991 


| PACKAGE | TEMPERATURE RANGE CDP1805AC CDP1806AC 


-40°C to +85°C 


Burn-in CDP1805ACEX CDP1806ACEX 
PLCC -40°C to +85°C CDP1805ACQ CDP1806ACQ 
Ceramic DIP CDP1806ACD 


-40°C to +85°C CDP1805ACD 
CDP1805ACDX CDP1806ACDX 


Description 


The CDP1805AC and CDP1806AC are functional and performance enhance- 
ments of the CDP1802 CMOS 8-Bit register-oriented microprocessor series 
and are designed for use in general—purpose applications. 


The CDP1805AC hardware enhancements include a 64-byte RAM and an 8-bit 
presettable down counter. The Counter/Timer which generates an internal 
interrupt request, can be programmed for use in time-base, event-counting, 
and pulse-duration measurement applications. The Counter/Timer underflow 
output can also be directed to the Q output terminal. The CDP1806AC hard- 
ware enhancements are identical to the CDP1805AC, except the CDP 1806AC 
contains no on-chip RAM. 


The CDP1805AC and CDP1806AC are identical to the CDP 1804AC, except for 
the on-chip memory, and may be used for CDP1804AC development 
purposes. 


The CDP1805AC and CDP1806AC software enhancements include 32 more 


Pinout is identical except for the replacement of Voc with ME on the 
CDP1805AC and the replacement of Vcc with Vpp on the CDP 1806AC. 


The CDP1805AC and CDP1806AC have an operating voltage range of 4V to 
6.5V and are supplied in a 40 lead hermetic dual-in-line ceramic package 
(D suffix), 40 lead dual-in-line plastic package (E suffix) and 44 lead plastic 
leaded chip carrier (PLCC) package (Q suffix). 


CDP 1805ACE CDP1806ACE 
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CDP1805AC, CDP1806AC — 


Pinouts 
40 LEAD DIP 44 LEAD PLASTIC CHIP CARRIER (PLCC) 
(PACKAGE TYPES D AND E) (PACKAGE TYPE Q) 
TOP VIEW | . TOP VIEW 
CLOCK | 1) 140} Vop 
WAIT | 2! 39] XTAL 
CLEAR | 3] 38} BMA IN 
a [4 '37| DMA OUT 
sci | 5| 96] INTERRUPT 
sco | 6] MWA 
MAD 34] TPA 
BUS 7 | 8| TPB 
Bus 6 | 9] MA7 
BUS 5 /10 MAG 
BUS 4 [11] MAS 
BUS 3 [12 MA4 
BUS 2 A3 
Bus 1 [14] A2 
BUS 0 [15 MAI 
‘AO 
N2 EFi 
N1 [18] Efe 
No [19 EFS 
Vss EF4 
*ME For CDP1805AC 
Vpp for CDP 1806AC 
Schematic 


ES OS sds sedavesddasiasseuescte 


aoe 
pesseessecocccenaeD sassescossssasaneng 
MAO - MA7 MAO - MA7 : MAO-MA4 
MRD ones 
CDP1805AC WITH 
RAM, COUNTER/TIMER 
CDP1806AC WITH 
COUNTER/TIMER 


BUSO - BUS7 


bs 
5 


CDP1824 
32 BYTE RAM 
USED WITH 
CDP1806AC ONLY) 


CDP1833 
1K BYTE ROM 


¥. 
= 
= 


R 


CS Buso-Bus4 


Ocasnasaneeneasasacazecnecoonseeceaes. 
« 
° e 


BUSO - BUS7 


(CDP1805AC ONLY) 


ft 


Sacvecsevecesaanacceney 


8 BIT DATA BUS 


FIGURE 1. TYPICAL CDP1805AC, CDP1806AC SMALL MICROPROCESSOR SYSTEM 
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CDP1805AC, CDP1806AC 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 


(All Voltages Referenced to Vsg Terminal) ........ -0.5V to +7V 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V 
DC Input Current, any One Input.................. 0c eee +10mA 
Power Dissipation Per Package (Pp) 

T, = -40°C to +60°C (Package Type E)............... 500mWwW 

Ta = +60°C to +85°C (Package Type E)........ Derate Linearly 
At 12mWP/C to 200mW 

T, = -55°C to +100°C (Package Type D) ............. 500mw 


Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mWPC to 200mW 
T, = -40°C to +85°C (Package Type Q)*.............- 500mW 


Device Dissipation Per Output Transistor 


T, = Full Package Temperature Range............... 100mWw 
Operating Temperature Range (T,): 

Package Type D...... 22. cece eee ee eee -55°C to +125°C 

Package Type EandQ ............. cee eee -40°C to +85°C 
Storage Temperature Range (T,,)......--.---- -65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) from case for 10s 
IVAN sch eho aren ettennton ae ls Cha a ee a +265°C 
*Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm 
thick G10 epoxy glass, or equivalent. 


Recommended Operating Conditions T, = Full-Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges. 


CHARACTERISTIC 


DC Operating Voltage Range 


Maximum DMA Transfer Rate 


Maximum Clock Input Frequency, 
Load Capacitance (C,) = 50pF 


“Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip, NOP, and “68” family 


instructions, which are more than two cycles. 
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Specifications CDP1805AC, CDP1806AC 


Static Electrical Characteristics at T, = -40°C to +85°C, Vpp +5%, Except as Noted 


CDP1805AC D, CDP1805ACE 
CDP1806ACD, CDP1806ACE 


so 


CHARACTERISTIC: 


Quiescent Device Current 


Output Low Drive (Sink) Current 
(Except XTAL) 


XTAL Output 


Output High Drive (Source) Current 
(Except XTAL 


Output Voltage Low Level F Vou | 
Output Voltage High Level —= 


© 


Input Low Voltage (BUSO - BUS7, ME) 


Schmitt Trigger Input Voltage 
(Except BUSO - BUS7, ME) 


Positive Trigger Threshold 
Negative Trigger Threshold 


Hysteresis 


a 


Total Power Dissipation** 


: a aa a 
oO or fo>) 


t+ 
ad 
—_ 


+ 
Oo 
NO 


pA 


N 
on 


pF 


_ 
So 


Run 


lo“ at (000) nae 


Minimum Data Retention Voltage 
Data Retention Current 


“Typical values are for Ty = +25°C and nominal Vpp. 


2.4 


< < 
S 1s 
No < 
- 13 


**External clock: f = 5MHz, t,, t} = 10ns. C, = 50pF 
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1/0 REQUESTS 
MEMORY ADORESS LINES 1/0 FLAGS 
oma CONTROL 
ME FOR CDPI8O5AC MA6 MA4 MA2MAO EFI EFS 
Vop FOR COPI806AC MA7/IMASIMA3/| MAI EF2iEF4 OMA INT CLEAR WAIT 


Cyan ae 
ONLY | 
sy 


DECODE 


mum] 
DECR NO 
— : ~| 
RIA LI[RAYO (a) Ne 
ea ae 
RIED. RIELO 
R(F).1] R(F).O} 


8-BIT BIDIRECTIONAL DATA BUS 


CLOCK 
fortes gyre lo —--e ee - ae STATE 
veal agli ee sc) | CODES 
REGISTER (CH) Aa a eas 
MODE ute: 
an __|CONTROL rn as = aah Simine. 
TIMER/ COUNTER LK | Eat | | INSTRUCTION -—®> MRD 
| 


92CM-34988 | 


Fig. 2 - Block diagram for CDP1805AC and CDP1806AC. 


CMOS MICRO- 
PROCESSORS 


TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 


~ INTERNAL RAM READ CYCLE See RAM WRITE CYCLE | 
Ptr nitrite 


oo 10 20 3 #0 8% 60 70 ‘SO 10 2 30 40 3S & 


Ot tt 2i 3 4 Si GI 


MEMORY 
ADDRESS 


MRD | 
] 


Mw 


a 


* WE 
IN 


m 


VALID DATA FROM MEMORY 


pata Bus ULL Vand ata Fou m+ 


92CM-34989 


*NOTE 


ME HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECT TO THE 
BEGINNING OF CLOCK 70. FOR A MEMORY READ OPERATION, RAM DATA 
WILL APPEAR ON THE DATA BUS DURING THE TIME ME IS ACTIVE AFTER 
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA 
OUT OPERATION IS PERFORMED ON INTERNAL RAM DATA, TO ALLOW DATA 
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL 
RAM IS AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71, 
INDEPENDENT OF ME. 


= FOR CDPI805AC ONLY 


Fig. 3 - Internal memory operation timing waveforms for CDP1805AC and CDP1806AC. 
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Fig. 4 - External memory operation timing waveforms for CDP1805AC and CDP1806AC. 


ENHANCED CDP1805AC and CDP1806AC OPERATION 


TIMING 


Timing for the CDP1805AC and CDP1806AC is the same as 
the CDP1802 microprocessor series, with the following 
exceptions: 


e 4.5 clock cycles are provided for memory access 
instead of 5. . 

e Q changes 1/2 clock cycle earlier during the SEQ and 
REQ instructions. 

e Flag lines (EF1-EF4) are sampled at the end of the SO 
cycle instead of at the beginning of the S1 cycle. 

e Pause can only occur on the low-to-hgh transition of 
either TPA or TPB, instead of any negative clock transition. 


SPECIAL FEATURES 
Schmitt triggers are provided on all inputs, except ME and 


SIGNAL DESCRIPTIONS 


BUS 0 to BUS 7 (Data Bus): 


8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 


NO to N2 (1/0) Lines: 


Activated by an I/O instruction to signal the I/O control 
logic of a data transfer between memory and I/O interface. 
These lines can be used to issue command codes or device 


BUS 0-BUS 7, for maximum immunity from noise and slow 
signal transitions. ASchmitt trigger in the oscillator section 
allows operation with an RC or crystal. 


The CDP1802-series LOAD mode is not retained. This 
mode (WAIT, CLEAR=0) is not allowed on the CDP1805AC 
and CDP1806AC. 


A low power mode is provided, which is initiated via the 
IDLE instruction. In this mode all external signals, except 
the oscillator, are stopped on the low-to-high transition of 


- TPB. All outputs remain in their previous states, MRD is set 
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to a logic “1”, and the data bus floats. The IDLE mode is 
exited by a DMA or INT condition. The INT includes both 
external interrupts and interrupts generated by the 
Counter/Timer. The only restrictions are that the Timer 
mode, which uses the TPA + 32 clock source, and the 
underflow condition of the Pulse Width Measurement 
modes are not available to exit the IDLE mode. 


selection codes to the I/O devices. The N bits are low at all 
times except when an I/O instruction is being executed. 
During this time their state is the same as the corresponding 


bitsin the N register. The direction of data flow is defined in 


the I/O instruction by bit N3 (internally) and is indicated by 
the level of the MRD signal: 


MRD = Voo: ‘Input data from I/O to CPU and Memory 
MRD = Vss: Output data from Memory to I/O 


CDP1805AC, CDP1806AC 


EF1 to EF4 (4 Flags): 


These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. The flag(s) are sampled at the end of 
every SO cycle. EF1 and EF2 are also used for event 
counting and pulse-width measurement in conjunction 
with the Counter/Timer. 


INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 


DMA-IN and DMA-OUT are sampled during TPB every S1, 
S2, and S3 cycle. INTERRUPT is sampled during TPB every 
S1 and S2 cycle. 


interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable (MIE) is reset to 0 (inhibit); and 
instruction execution is resumed. The interrupt action 
requires one machine cycle (S3). 


DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and R(0) is incremented. 


Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. (The interrupt request is not internally 
latched and must be held true after DMA.) 


SCO, SC1, (2 State Code Lines): 


These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing 
a DMA request, or 4) acknowledging an interrupt request. 
The levels of state code are tabulated below. All states are 
valid at TPA. 


State Code Lines 


State Type 


SO (Fetch) 
$1 (Execute) 


S2 (DMA) 
S3 (Interrupt) 
H = Vop, L= Vss. 


TPA, TPB (2 Timing Pulses): 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
high-order byte of the multiplexed 16-bit memory address. 


MAO to MA7 (8 Memory Address Lines): 


In each cycle, the higher-order byte of a 16-bit memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The 
low-order byte of the 16-bit address appears on the address 
lines 1/2 clock after the termination of TPA. 


MWR (Write Pulse): 


A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 
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MRD (Read Level): 


A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory and to indicate the direction of data transfer during 
an I/O instruction. 


Q: 


Single bit output from the CPU which can be set or reset, 
under program control. During SEQ and REQ instruction 
execution, Q is set or reset between the trailing edge of TPA 
and the leading edge of TPB. The Q line can also be 
controlled by the Counter/Timer underflow via the Enable 
Toggle Q instruction. 


The Enable Toggle Q command connects the Q-line flip- 
flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q line 
changes state. This command is cleared by a LOAD 
COUNTER (LDC) instruction with the Counter/Timer 
stopped, a CPU reset, ora BRANCH COUNTER INTERRUPT 
(BCI) instruction with the counter interrupt flip-flop set. 


CLOCK: 


Input for externally generated single-phase clock. The 
maximum clock frequency is 5 MHz at Voo = 5 V. Theclock is 
counted down internally to 8 clock pulses per machine 
cycle. 


XTAL: 


Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. 


WAIT, CLEAR (2 Control Lines): 


Provide four control modes as listed in the following truth 
table: 


ME (Memory Enable CDP1805AC Only): 


This active low input is used to select or deselect the 
internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that is active 
(after clock 31). Thus, if this data is to be latched into an 
external device (i.e., during an OUTPUT instruction or DMA 
OUT cycle), ME should be wide enough to provide enough 
time for valid data to be latched. The internal RAM is 
automatically deselected after clock 71. ME is ineffective 
when MRD e MWR =1. 


The internal RAM is not internally mask-decoded. Decoding 
of the starting address is performed externally, and may 
reside in any 64-byte block of memory. 


Vpp (CDP1806AC Only): 


This input replaces the ME signal of the CDP1805AC and 
must be connected to the positive power supply. 


Vpp: Vss; (Power Levels): 


Vss is the most negative supply voltage terminal and is 
normally connected to ground. Vpn is the positive supply 
voltage terminal. All outputs swing from Vss to Voo. The 
recommended input voltage swing is from Vss to Vop. 
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ARCHITECTURE 


Fig. 2 shows a block diagram of the CDP1805AC and 
CDP1806AC. The principal feature of this system is a 
register array (R) consisting of sixteen 16-bit scratchpad 
registers. Individual registers in the array (R) are designated 
(selected) by a 4-bit binary code from one of the 4-bit 
registers labeled N, P, and X. The contents of any register 
can be directed to any one of the following paths: 


1. the external memory (multiplexed, higher-order byte 
first on to 8 memory address lines) 

2. the D register (either of the two bytes can be gated to D) 

3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register. 

4. to any other 16-bit scratch pad register in the array. 


The four paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 


Most instructions consist of two 8-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second 
—and more if necessary — are execute cycles. During the 
fetch cycle the four bits in the P designator select one of the 
16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the memory 
location from which the instruction is to be fetched. When 
the instruction is read out from the memory, the higher- 
order 4 bits of the instruction byte are loaded into the I 
register and the lower-order 4 bits into the N register. The 
content of the program counter is automatically incremented 
by one so that R(P) is now “pointing” to the next byte in the 
memory. 


The X designator selects one of the 16 registers R(X) to 
“point” to the memory for an operand (or data) in certain 
ALU or I/O operations. 


The N designator can perform the following five functions 
depending on the type of instruction fetched: 
1. designate one of the 16 registers in R to be acted 
upon during register operations 
2. indicate to the I/O devices a command code or 
device-selection code for peripherals 
3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific opera- 
tion required in a class of miscellaneous instructions 
4. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P) 
5. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 


The registers in R can be assigned bya programmer in three 
different ways as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 


Program Counters 


Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a “call” to subroutine . When interrupts 
are being serviced, register R(1) is used as the program 
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counter for the user's interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers toindicatea 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 
I): 

. ALU operations 

. output instructions 

. input instructions 

. register to memory transfer 

. memory to register transfer | 

. Interrupt and subroutine handling. 


The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and 
the “Store D” instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 7C, 7D, 7F, and the RLDI 


On WM = 


~ instruction 68CN. During these instruction executions, the 


operation is referred to as “data immediate”. 


Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine 
cycle is “stolen”. This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written into 
(DMA-In) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) is incremented by 
one so that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the CDP1805AC and 
CDP1806AC architecture saves a substantial amount of 


_ logic when fast exchanges of blocks of data are required, 


such as with magnetic discs or during CRT-display-refresh 
cycles. 


Data Registers 


When registers in R are used to store bytes of data, 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers in R to be used to 
hold general data. By employing increment or decrement 
instructions, such registers may be used as loop counters. 
The new RLDI, RLXA, RSXD, and RNxX instructions also 
allow loading, storing, and exchanging the full 16-bit 
contents of the R registers without affecting the D register. 
The new DBNZ instruction allows decrementing and 
branching-on-not-zero of any 16-bit R register also without 
affecting the D register. 


The Q Flip-Flop | 
An internal flip-flop, Q, can be set or reset by instruction 


and can be sensed by conditional branch instructions. It 


can also be driven by the underflow output of the 
counter/timer. The output of Q is also available as a 
microprocessor output. 
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Register Summary . 


| p | 8Bits | Data Register (Accumulator 
Data Flag (ALU Carr 
| B | 8Bits | Auxiliary Holding Register 


Designates which Register is 
Data Pointer 
| N_| 4Bits | HoldsLow-Order Instr. Digit _| 


Holds old X, P after Interrupt 


_(X is high nibble 
8-Bits 


Interrupt Servicing ues 


Register R(1) is always used as the program counter 
whenever interrupt servicing is initialized. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current instruction), the contents of the X and P registers 
are stored inthe temporary register T, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 in P. Master 


Interrupt Enable is automatically deactivated to inhibit 


further interrupts. The user’s interrupt routine is now in 
control; the contents of T may be saved by means of asingle 
SAV instruction (78) in the memory location pointed to by 
R(X) or the contents of T, D, and DF may be saved using a 
single DSAV instruction (6876). At the conclusion of the 
interrupt, the user's routine may restore the pre-interrupted 
value of X and P with either a RET instruction (70) which 
permits further interrupts, or a DIS instruction (71), which 
disables further interrupts. ae 
a 


RET 


Interrupt Generation and Arbitration 
(See Fig. 5) 


Interrupt requests can be generated from the following 
sources: 
1. Externally through the interrupt input (Request not 


TR fT 16Bits | latched) 
16 Bits_| _ 1 of 16 Scratchpad Registers 2. Internally due to Counter/Timer response (Request is 
-. Designates which Register is latched) . 
~~ Program Counter a. On the transition from count (01)16 to its next value 


(counter underflow) eo 

b. On the + transition of EF1 in pulse measure- 
ment mode 1 a 

c. Onthe ¥ transition of EF2 in pulse measure- 
ment mode 2 


Foran interrupt to be serviced by the CPU, the appropriate 
Interrupt Enable flip-flops must be set. Thus, the External 
Interrupt Enable flip-flop must be set to service an external 
interrupt request, and the Counter Interrupt Enable flip-flop 
must be set to service an internal Counter/Timer interrupt 
request. In addition, the Master Interrupt Enable flip-flop 
(as used in the CDP1802) must be set to service either type 
of request. All 3 flip-flops are initially enabled with the 


. application of a hardware reset, and, can be selectively 
‘enabled or disabled with software: CIE, CID instructions for 


the CIE flip-flop; XIE, XID instructions for the XIE flip-flop; 
RET, DIS instructions for the MIE flip-flop. 


Short branch instructions on Counter Interrupt (BCI) and 
External Interrupt (BXI) can be placed in the user’s interrupt 
service routine to provide a means of identifying and 
prioritizing the interrupt source. Note, however, that since 
the External Interrupt request is not latched, it must remain 
active until the short branch is executed if this priority 
arbitration scheme is used. ; 


Interrupt requests can also be polled if automatic interrupt 


service is not desired (MIE=0). With the Counter Interrupt 
and External Interrupt short branch instructions, the branch 
will be taken if an interrupt request is pending, regardless of 
the state of any of the 3 Interrupt Enable flip-flops. The 
latched counter interrupt request signa! will be reset when 
the branch is taken, when the CPU is reset, or with a LDC 
instruction with the Counter stopped. Note, that exiting a 
counter-initiated interrupt routine without resetting the 
counter-interrupt latch will result in immediately re-entering 
the interrupt routine. 
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Fig. 5 - Interrupt logic-cor..rol diagram for CDP1805AC and CDP1806AC. 


3-43 


CDP1805AC, CDP1806AC 


Counter/Timer and Controis (see Fig. 6) 
This logic consists of a presettable 8-bit down-counter 


(Modulo N type), and a conditional divide-by-32 prescaler. | 


After counting down to (01)16 the counter returns to its 
initial value at the next count and sets the Counter Interrupt 
Latch. It will continue decrementing on subsequent counts. 
If the counter is preset to (00)1¢ a full 256 counts will occur. 


During a Load Counter instruction (LDC) if the counter was 
stopped with a STPC instruction, the counter and its 
holding register (CH) are loaded with the value in the D 
register and any previous counter interrupt is cleared. If the 


LDC is executed when the counter is running, the contents | 


of the D register are loaded into the holding register (CH) 
only and any previous counter interrupt is not cleared. 
(LDC RESETS the Counter Interrupt Latch only when the 
Counter is stopped). After counting down to (01)1.6 the next 


count will load the new initial value into the counter, set the 


Counter Interrupt Latch, and operation will continue. 


The Counter/Timer has the following five programmable 
modes: 


1. Event Counter 1: Input to counter is connected to the | 
EF1. terminal. The high-to-low transition decrements 


the counter. 
. Event Counter 2: Input to counter is connected to the 
terminal. The high-to-low transition decrements 
the counter. 
. Timer: Input to counter is from the divide-by-32 pre- 
scaler clocked by TPA. The prescaler is decremented 
on the low-to-high transition of TPA. The divide-by-32 
prescaler is reset when the counter is in a mode other 
than the Timer mode, system RESET, or stopped by a 
STPC. | 
Pulse Duration Measurement 1: Input to counter 
connected to TPA. Each low-to-high transition of TPA 


DOWN 


8-BIT 


t 


decrements the counter if the input signal at_EF% 
terminal (gate input) is low. On the transition of EF1 to 
the positive state, the count is stopped, the mode is 
cleared, and the interrupt request latched. If the counter 
underflows while the input is low, interrupt will also be 
set, but counting will continue. 

. Pulse Duration Measurement 2: Operation is identical 
to Pulse Duration Measurement 1, except EF2 is used 
as the gate input. - 


The modes can be changed without affecting the stored 
count. 


Those modes which use EF1 and EF2 terminals as inputs do 
not exclude testing these flags for branch instructions. 


The Stop Counter (STPC) instruction clears the counter 
mode and stops counting. The STPC instruction should be 
executed prior to a GEC instruction, if the counter is in the 
Event Counter Mode 1 or 2. 


In addition to the five programmable modes, the Decrement 
Counter instruction (DTC) enables the user to count in 
software. In order to avoid conflict with counting done in 
the other modes, the instruction should be used only after 
the mode has been cleared by a Stop Counter instruction. 


The Enable Toggle Q instruction (ETQ) connects the Q-line 
flip-flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q output 
changes state. This action is independent of the counter 
mode and the Interrupt Enable flip-flops. The Enable 
Toggle Q condition is cleared by an LDC with the 
Counter/Timer stopped, system Reset, ora BCI with Cl = 1. 


Note: SEQ and REQ instructions are independent of 
ETQ—they can SET or RESET Q while the Counter is 
running. 


TO INTERRUPT LATCH 


COUNTER 
UNDERFLOW 


ETQ 
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Fig. 6 - Timer/Counter diagram for CDP1805AC and CDP1806AC. 
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On-Board Clock (see Figs. 7, 8 and 9) 


Clock circuits may use either an external crystal or an RC 
network. 


A typical crystal oscillator circuit is shown in Fig. 7. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL)in parallel with a resistance, RF (1 megohm typ.). 
Frequency trimming capacitors, Cin and Cour, may be 
required at terminals 1 and 39. For additional information 
on crystal oscillators, see ICAN-6565. 


Because of the Schmitt Trigger input, an RC oscillator can 


be used as shown in Fig. 8. The frequency is approximately 
1/RC (see Fig. 9). 


CLOCK* 


XTAL 
Cin Cour 


1SpF “7 SMHz PARALLEL “27 pF 
RESONANT ae 
CRYSTAL =e 
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Fig. 7 - Typical 5 MHz crystal oscillator. 


a5 92CS- 31056 
*Pin numbers refer to 40-Pin DIP 


Fig. 8 - RC network for oscillator. 


- 
” 
= 
x 
© 
a 


2468 2 468 2 468 2468 2 468 2 468 
! 10 100 tk 10K toOK IM 


FREQUENCY (Hz) 
92CS-34172 


Fig. 9 - Nominal component values as a function 
of frequency for the RC oscillator. 
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CONTROL MODES 


The function of the modes are defined as follows: 
RESET 


The levels on the CDP1805A and CDP1806A external signal 
lines will asynchronously be forced by RESET to the 
following states: 


Q=0 SC1, SCO=0, 1 BUS 0-7=0 

MRD=1 (EXECUTE) MAO-7=RO.1 

TPB=0 NO, N1, N2=0,0,0 TPA=0 
MWR=1 


Internal changes caused by RESET are: 


1, N instruction register is cleared to 00. XIE and CIE are set 
to allow interrupts following initialize. CIL is cleared (any 
pending counter interrupt is cleared), counter is stopped, 
the counter mode is cleared, and ETQ is disabled. 


Initialization Cycle 


The first machine cycle followiing termination of RESET is 
an initialization cycle which requires 9 clock pulses. During 
this cycle the CPU remains in S1 and the following additional 
changes occur: 

1 — MIE 

X,P — T (The old value of X, P will be put into T. This only 

has meaning following an orderly Reset with power 

applied). 

X, P, RO — 0 (X, P, and RO are cleared). 
Interrupt and DMA servicing is suppressed during the 
initialization cycle. The next cycle is an SO or an S2 but 
never anS1orS3. The use of a71 instruction followed by 00 
at memory locations 0000 and 0001, may be used to reset 
MIE so as to preclude interrupts until ready for them. 


Reset and Initialize do not affect: 
D (Accumulator) 
DF 
R1, R2, R3, R4, R5, R6, R7, R8, RY, FA, RB, RC, RD, RE, RF 
CH (Counter Holding Register) 
Counter (the counter is stopped but the value is 
unaffected) 


Power-up Reset/Run Circuit 


Power-up Reset/Run can be realized with the circuit shown 
in Fig. 10. 


CDPIBO5AC 
COPI806AC 


The RC time constant 
should be greater 
than the oscillator 
start-up time 
(typically 20 ms). 


92CS-3499) 


Fig. 10 - Reset/run diagram. 
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PAUSE 


Pause is a low power mode which stops the internal CPU 
timing generator and freezes the state of the processor. The 
CPU may be held in the Pause mode indefinitely. Hardware 
pause can occur at two points in a machine cycle, on the 
low-to-high transition of either TPA or TPB. A TPB pause 
can also be initiated by software with the execution of an 
IDLE instruction. In the pause mode. the oscillator continues 
to run but subsequent clock transitions are ignored. TPA 
and TPB remain at their previous state (see Fig. 11). 


Pause is entered from RUN by dropping WAIT low. 
Appropriate Setup and Hold times must be met. 


If Pause is entered while in the event counter mode, the 
appropriate Flag transition wiJl continue to decrement the 
counter. 


Hardware-initiated pause is exited to RUN by raising the 
Wait line high. Pause entered with an IDLE instruction 
requires DMA, INTERRUPT or RESET to resume execution. 


TPA PAUSE TIMING 


ENTER RESUME 
PAUSE RUN 


TPA PAUSE TIMING 


pAusE/® 


oof Ol PAUSE 10 ll 207 21 \ 30 


| 
TPA tPLH —- f- 


TPB PAUSE TIMING 


TPB PAUSE TIMING ENTER RESUME 
ae RUN 
PAUSE 
CLOCK 50/ st \60 pause fi 704 71 \oo/ o \to 
| ‘ 
TPB *PLH —m f | —e| tPHL 
| | 
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NOTE: . 
PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE 
CLOCK CYCLE IN DURATION, COULD BE INFINITELY LONG. 


Fig. 11 - Pause mode timing waveforms. 


RUN 


May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, it will resume on the next 
high-to-low clock transition, while if paused at TPB, it will 
resume on the next low-to-high clock transition (see Fig. 
11). When initiated from the Reset operation, the first 
machine cycle following Reset is always the initialization 
cycle. The initialization cycle is then followed by a DMA 
(S2) cycle or fetch (SO) from location 0000 in memory. 


SCHMITT TRIGGER INPUTS 


All inputs except BUS O—BUS 7 and ME contain a Schmitt 
Trigger circuit, which is especially useful on the CLEAR 
input as a power-up RESET (see Fig. 10) and the CLOCK 
input (see Figs. 7 and 8). 


STATE TRANSITIONS 


The CDP1805A and CDP1806A state transitions are shown 
in Fig. 12. Each machine cycle requires the same period of 
time, 8 clock pulses, except the initialization cycle (INIT) 
which requires 9 clock pulses. Reset is asynchronous and 
can be forced at any time. 


(LONG BRANCH, 
LONG SKIP, NOP, RSXD, ETC) 


DMA - FORCE S1 : 


 ————— 


INT >DMA + FORCE S1 


DMAeIDLEsINT 
FORCE $1 


~ FORCE SO 


PRIORITY: RESET INT°OMA 
FORCE SO, $1" 
DMA IN 


92Cs- 
DMA OUT $-34778R1 
INT 


Fig. 12 - State transition diagram. 


INSTRUCTION SET 
1. Instruction Set - Refer to Harris Literature Department. 


2. Conditions on data bus and memory address lines during 
all machine states - refer to Harris Literature Department. 
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( MEMORY bh 
READ CYCLE) 
MWR 
(MEMORY 
WRITE CYCLE) 


© ME 
(MEMORY 
ENABLE) 


toylS ALLOWABLE 


; INTERNAL RAM 
; , ACCESS TIME 


aEMS 
(EXTERNAL 
MEMORY 
SELECT) 


DATA FROM 
CPU TOBUS 


ar TPL tpHL 
DATA FROM 
INTERNAL 
MEMORY 
TO BUS 
(ME=LOW) 


NO,NI,N2 


(170 
EXECUTION DATA LATCHED, 
CYCLE) IN CPU 
DATA FROM 
BUS TOCPU 
DMA SAMPLED(SI,S2,S 3) 
OMA | | INTERRUPT 
REQUEST SAMPLED (S1,S2) 
INTERRUPT | l 
REQUEST 
| FLAG LINES 
| | SAMPLED END OF SO 
mm Kae 
| 
| 


* NOTES: 

1. THIS TIMING DIAGRAM IS USEO TO SHOW SIGNAL RELATIONSHIPS ONLY 
AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 

2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE WAVE- 
FORMS. 

3. SHADED AREAS INDICATE “DON’T CARE” OR UNDEFINED STATE. 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD. 

*FOR THE RUN (RAM ONLY) MODE ONLY. 

4 FOR THE RUN (RAM/ROM) MODE ONLY. 


S2CL- 34986RI 


Fig. 13 - Timing waveforms for CDP1805AC and CDP1806AC. 
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Specifications CDP1805AC, CDP1806AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C; Cy, = 50 pF; Input t,,t¢ = 10 ns; 
Input Pulse Levels = 0.1 V to Vpp-0.1 V; Vpp = 5 V, £5%. | 


LIMITS 
CHARACTERISTIC ~ | CDP1805AC, CDP1806AC | UNITS 
Typ.° 


Propagation Delay Times: 
Clock to TPA, TPB tery, true - 150 275 
Clock-to-Memory High-Address Byte ) toute | 325 | 550 
Clock-to-Memory Low-Address Byte tecy, tee 275 450 
Clock to MRD ; tern, ten 325 
‘Clock to MWR ; teu, tere 150 275 
Clock to (CPU DATA to BUS) teiy, teu 375 625 
Clock to State Code tec, tere 
Clock to Q — tern, tex 250 - 425 
Clock to N tery, tere 250 425 
Clock to Internal RAM Data to BUS tety, teu | 420 650 
Minimum Set Up and Hold Times:® 
Data Bus Input Set-Up | tsu 0 
Data Bus Input Hold ty 225 
DMA Set-Up . teu -75 a a 
DMA Hold ty 100 175 
ME Hold | | _ ee ee ee ee ee 
Interrupt Set-Up tsu | -t00 | 
Interrupt Hold | ty 
WAIT Set-Up tsu 
EF1-4 Set-Up ty | -125 | 
EF1-4 Hold ty 


Minimum Pulse Width Times:® 
CLEAR Pulse Width 


CLOCK Pulse Width 


00 
175 
100 


*Typical values are for Ta = 25°C and nominal Voo. 


8 Maximum limits of minimum characteristics are the values above which all devices function. 


TIMING SPECIFICATIONS as a function of T (T = 1/fCLOCK) at Ta = -40 to +85°C, Vpp = 5 V, 5%. | 


LIMITS 
CHARACTERISTIC | CDP1805AC, CDP1806AC | UNITS 


| Min, | Type 


High-Order Memory-Address Byte oT-275 oT-175 
Set-Up to TPA Time | 
_MRDtoTPA « Time T/2-100 T/2-75 
High-Order Memory-Address Byte | 7/2475 | 1/2+100 
Hold after TPA Time 7 7 tH] 
Low-Order Memory-Address Byte | T+H180 T+240 
Hold after WR Time 7 ty 
CPU Data to Bus Hold T+110 T4150 
after WR Time ty 
Required Memory Access Time | . . 4.5T-440 | 4.5T-330 
ACC 


Address to Data 


*Typical values are for Ta = 25°C and nominal Voo. 
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Operating and Handling Considerations 
1. Handling 


All inputs and outputs of Harris CMOS devices have a 
network for electrostatic protection during handling. 


2. Operating 
Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
Vop-Vss to exceed the absolute maximum rating. 


Input Signals 


To prevent damage to the input protection circuit, input 
signals should never be greater than Vpp nor less than Vsg. 
Input currents must not exceed 10mA even when the power 
supply is off. 


Unused Inputs 


A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vss, whichever is appropriate. 


Output Short Circuits 


Shorting of outputs to Vpop or Vsg may damage CMOS 
devices by exceeding the maximum device dissipation. 


3-49 


CMOS MICRO- 
PROCESSORS 


Ga HARRIS — 80C286 


High Performance Microprocessor 


January 1992 With Memory Management and Protection 
Features Pin Configurations 
e Compatible with NMOS 80286 Component Pad View — As viewed from underside of 


the component when mounted on the board. 


e Wide Range of Clock Rates: 
-DC to 25MHz (80C286-25) BBE oa! WRB 
-DC to 20MHz (80C 286-20) 
~DC to 16MHz (80C286-16) 
-DC to 12.5MHz (80C286-12) 


-DC to 10MHz (80C286-10) a alee 
e Static CMOS Design for Low Power Operation Veo CLK @) Ge) | wr = nc 
> ICCSB = 5mA Maximum A3 RESET NMI NC 
> ICCOP = 185mA Maximum (80C286-10) as pense Vee 
220mA Maximum (80C286-12) oe gee 
260mA Maximum (80C286-16) = ae Gee 
310mA Maximum (80C286-20) sae <a ae; 


410mA Maximum (80C286-25) 
e High Performance Processor (Up to 19 Times the 8086 Throughput) 
e Large Address Space: 
> 16 Megabytes Physical/1 Gigabyte Virtual per Task ee 
¢ Integrated Memory Management, Four-Level Memory Protection . : 
and Support for Virtual Memory and Operating Systems irate) fae ve ceneere ates 


* Two 80C86 Upward Compatible Operating Modes: 
>» 80C286 Real Address Mode > PVAM 


© Compatible with 80287 Numeric Data Co-Processor 
¢ High Bandwidth Bus Interface (25 Megabyte/Sec) 


oe 


cs) 
Nc 


PIN 1 INDICATOR 


SO PEACK 


Vss 
A23 


Nc 
BHE 


8 
4 
3 
2 
1 
0 
Vss 


07 
06 
Ds 
04 
D3 
D2 
01 
oo 


© OOMHOOOHOO® 
® Available in: nc ERROR | OO ODOOAMOOE| 0 20 
> 68 Pin PGA (Commercial, Industrial, and Military) a vO Oe 
- » 68 Pin PLCC (Commercial and Industrial) er Die) || eee. Vee 
: : NC NMI RESET A3 
Description Vgg PEREQ @) @8) | aa As 
The Harris 80C286 is a static CMOS version of the NMOS 80286 co a 
microprocessor. The 800286 is an advanced, high-performance micro- copia wid @ @] aw an 
processor with specially optimized capabilities for multiple user and COCK NC Al2 Ata 
multi-tasking systems. The 80C286 has built-in memory protection that ) 
supports operating system and task isolation as well as program and PIN 1 INDICATOR os 


A22 
A21 
A19 
Al? 
AIS 


i] 
= 
< 


data privacy within tasks. A 25MHz 80C286 provides up to nineteen 
times the throughput of a standard 5MHz 8086. The 80C286 includes | 
memory management capabilities that map 230 (one gigabyte) of virtual 


address space per task into 224 bytes (16 megabytes) of physical P.C. Board View — As viewed from the component side 
memory of the P.C. board. 


The 80C 286 is upwardly compatible with 80C86 and 80C88 sofware (the 
80C 286 instruction set is a superset of the 80C86/80C88 instruction 
set). Using the 80C286 real address mode, the 80C286 is object code 
compatible with existing 80C86 and 80C88 software. In protected virtual 
address mode, the 80C286 is source code compatible with 80C86 and 
80C88 software but may require upgrading to use virtual address as 
supported by the 80C286’s integrated memory management and 
protection mechanism. Both modes operate at full 800286 performance 
and execute a superset of the 80C86 and 80C88 instructions. 


SQ PEACK 


A23 
Vss 
A20 
Als 
A16 


4 
= 
4 


BHE 
Nc 


The 80C286 provides special operations to support the efficient 
implementation and execution of operating systems. For example, one 
instruction can end execution of one task, save its state, switch to a new 
task, load its state, and start execution of the new task. The 80C 286 also 
supports virtual memory systems by providing a segment-not-present 
exception and restartable instructions. 


CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. File Number 2947 
Copyright © Harris Corporation 1991 
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Ordering Information 


TEMPERATURE 
PACKAGE RANGE 


acme | ‘[easccase12  [escsocesete [ccsoczsead -~*d 


[socio resee [eascczss-i0 iceccars-ia | - | - [| - 
sseoto-+12500 | nasooase-r07e80 |wasoczee-raeea |---| -+d| 
acrcwresc | ——~idseocans-ia—‘isenczes-re [isenceee-r0 | 


*Respective /883 specifications are included at the end of this data sheet. 


Functional Diagram 


ADDRESS UNIT (AU) 


PROCESSOR BEACK 
PREFETCHER| | EXTENSION 
SEGMENT INTERFACE PEREG 


BASES READY, HOLD 


OFFSET as 57, 50, CODANTA 
ADDER creel SEGMENT TOEK, HLDA 
SIZES 


CHECKER 


- 
| 
| 
| 
| 
i 
| 
| 
| 
' 
| 
| 
| 
L 
= 


6 BYTE 
PREFETCH 
QUEUE 


CMOS MICRO- 
PROCESSORS 


RESET 


REGISTERS | CONTROL CLK 

3 DECODED 

INSTRUCTION INSTRUCTION V 

INSTRUCTION] Decoper UNIT CU | ss 

QUEUE WU) | Vv 

EXECUTION UNIT (EU) wEe ce 
) i= 


INTR' ‘ERROR 


| 
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Pin Description 
The following pin function descriptions are for the 80C286 microprocessor: 


TABLE 1. 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 
ATER A ORE LATE ART PE IE ELI LEE LSE LE DETENTION ERE EE IG EN EIEN LEE DOLE LODE LSD STEELE TIESTO ED LTE TEIN TID TG ED ALTE DIED LL PEEL LEILA LD LEANED ETE EEE ON ESE EEA LEL 


SYSTEM CLOCK: provides the fundamental timing for the 80C286 system. It is divided 

. by two inside the 80C286 to genenerate the processor clock. The internal divide-by-two 
circuitry can be synchronized to an external clock generator by a LOW to HIGH 
transition on the RESET input.: 


D15-Do 36-51 1/O DATA BUS: inputs data during memory, I/O, and interrupt acknowledge read cycles; 
outputs data during memory and I/O write cycles. The data bus is active HIGH and is 
held at high impedance to the last valid logic level during bus hold acknowledge. 


A23-Ag 7-8 ADDRESS BUS: outputs physical memory and |/O port addresses. Ag3-A16 are LOW | 
10-28 during |/O transfers. Ag is LOW when data is to be transferred on pins D7-Dg (see table 
32-43 below). The address bus is active High and floats to three-state off during bus hold 


acknowledge. 


BUS HIGH ENABLE: indicates transfer of data on the upper byte of the data bus, 
D15-Dg. Eight-bit oriented devices assigned to the upper byte of the data bus would 
normally use BHE to condition chip select functions. BHE is active LOW and floats to 
three-state OFF during bus hold acknowledge. 


_BHE and Ao Encodings 


Word transfer 
; Byte transfer on upper half of data bus (D45-Dg) 
0 Byte transfer on lower half of data bus (D7-Dg) 
1. Reserved 


lf Ay=1 then halt; else shutdown 
Memory data read 
Memory data write 
None; not a status cycle 
Reserved 
1/O read 
I/O write 
None; not a status cycle 

- Reserved 
Memory instruction read 
Reserved 
None, not a status cycle - 


1(HIGH) 
1 


—~ ss et tt OTC OC +H | | =| ODO OO 
“~s4O00-300-=-00.-00 
=" OF OH OH] 0 2 0 =|" O + O =| O 


MEMORY I/O SELECT: distinguishes memory access from !/O access. If HIGH during 
Tg, a memory cycle or a halt/shutdown cycle is in progress. If LOW, an I/O cycle or an 
interrupt acknowledge cycle is in progress. M/IO is held at high impedance to the last 
valid logic state during bus hold acknowledge. 


BUS CYCLE STATUS: indicates initiation of a bus cycle and along with M/IO and 
COD/INTA, defines the type of bus cycle. The bus is ina Ts state whenever one or both 
are LOW. Sj and So are active LOW and are held at a high impedance logic one during 
bus hold acknowledge. 
80C286 Bus = Status Definition 

Interrupt acknowledge 

Reserved 

Reserved 

None; not a status cycle 
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Pin Description 


TABLE 1. CONTINUED 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 
ig I Pm SE IS EN IEEE TO TEL TOR EAS CE TTI OE ITT Ee OTC NES ET RN TE GT AE ET AE CE TE, 


COD/INTA CODE/INTERRUPT ACKNOWLEDGE: distinguishes instruction fetch cycles from 
memory data read cycles. Also distinguishes interrupt acknowledge cycles from 1/O 
cycles. COD/INTA is held at high impedance to the last valid logic state during bus hold 
acknowledge. Its timing is the same as M/IO. 


LOCK BUS LOCK: indicates that other system bus masters are not to gain control of the system 
bus for the current and following bus cycles. The LOCK signal may be activated 
explicitly by the “LOCK” instruction prefix or automatically by 80C286 hardware during 
memory XCHG instructions, interrupt acknowledge, or descriptor table access. LOCK 
is active LOW and is held at a high impedance logic one during bus hold acknowledge. 


READY 63 BUS READY: terminates a bus cycle. Bus cycles are extended without limit until 
terminated by READY LOW. READY is an active LOW synchronous input requiring 
setup and hold times relative to the system clock be met for correct operation. READY is 
ignored during bus hold acknowledge. (Note 1) 


BUS HOLD REQUEST AND HOLD ACKNOWLEDGE: control ownership of the 80C286 
local bus. The HOLD input allows another local bus master to request control of the 
local bus. When control is granted, the 80C286 will float its bus drivers and then activate 
HLDA, thus entering the bus hold acknowledge condition. The local bus will remain 
granted to the requesting master until! HOLD becomes inactive which results in the 
80C286 deactivating HLDA and regaining control of the local bus. This terminates the 
bus hold acknowledge condition. HOLD may be asynchronous to the system clock. 
These signals are active HIGH. Note that HLDA never floats. 


7 INTERRUPT REQUEST: requires the 80C286 to suspend its current program execution 


and service a pending external request. Interrupt requests are masked whenever the 
interrupt enable bit in the flag word is cleared. When the 80C286 responds to an interrupt 
request, it performs two interrupt acknowledge bus cycles to read an 8-bit interrupt 
vector that identifies the source of the interrupt.To ensure program interruption, INTR 
must remain active until an interrupt acknowledge bus cycle is initiated. INTR is 
sampled at the beginning of each processor cycle and must be active HIGH at least two 
processor cycles before the current instruction ends in order to interrupt before the next 
instruction. INTR is lJevel sensitive, active HIGH, and may be asynchronous to the 
system clock. 


CMOS MICRO- 
PROCESSORS 


NON-MASKABLE INTERRUPT REQUEST: interrupts the 80C286 with an internally 
supplied vector value of two. No interrupt acknowledge cycles are performed. The 
interrupt enable bit in the 80C286 flag word does not affect this input. The NMI input is 
active HIGH, may be asynchronous to the system clock, and is edge triggered after 
internal synchronization. For proper recognition, the input must have been previously 
LOW for at least four system clock cycles and remain HIGH for at least four system clock 
cycles. 


PEREQ 61 PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE: extend the 
PEACK 6 memory management and protection capabilities of the 80C286 to processor 
extensions. The PEREQ input requests the 80C286 to perform a data operand transfer 


for a processor extension. The PEACK output signals the processor extension when the 
requested operand is being transferred. PEREQ is active HIGH. PEACK is active LOW 
and is held at a high impedance logic one during bus hold acknowledge. PEREQ may be 
asynchronous to the system clock. 


PROCESSOR EXTENSION BUSY AND ERROR: indicates the operating condition of a 
processor extension to the 80C286. An active BUSY input stops 80C286 program 
execution on WAIT and some ESC instructions until BUSY becomes inactive (HIGH). 
The 80C286 may be interrupted while waiting for BUSY to become inactive. An active 
ERROR input causes the 80C286 to perform a processor extension interrupt when 
executing WAIT or some ESC instructions. These inputs are active LOW and may be 
asynchronous to the system clock. 
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Pin Description 


SYMBOL 


TABLE 1. 


Pin Value 


1 (HIGH) 
0 (LOW) 


HIGH IMPEDANCE 


Operation of the 80C286 begins after a HIGH to LOW transition on RESET. The HIGH to 
LOW transition of RESET must be synchronous to the system clock. Approximately 50 
system clock cycles are required by the 80C286 for internal initializations before the first 
bus cycle to fetch code from the power-on execution address is-performed. A LOW to 
HIGH transition of RESET synchronous to the system clock will end a processor cycle at 
the second HIGH to LOW transition of the system clock. The LOW to HIGH transition of 
RESET may be asynchronous to the system clock; however, in this case it cannot be 
predetermined which phase of the processor clock will occur during the next system 
clock period. Synchronous LOW to HIGH transitions of RESET are required only for 
systems where the processor clock must be phase synchronous to another clock. 


SYSTEM GROUND: are the ground pins (all must be connected to system ground). 
SYSTEM POWER: +5 volt power supply pins. A 0.1LF capacitor between pins 60 and 62 
is recommended. 


CONTINUED 


PIN —_ 
NUMBER | TYPE | a DESCRIPTION 7 | 


SYSTEM RESET: clears the internal logic of the 80C286 and is active HIGH. The 80C286 
may be reinitialized at any time with a LOW to HIGH transition on RESET which remains 
active for more than 16 system clock cycles. During RESET active, the output pins of the 
80C286 enter the state shown below. 


80C286 Pin State During Reset 


$0.81, PEACK, Ag3-Ag, BHE, LOCK 
M/IO, COD/INTA, HLDA (Note 2) 
D15-D0 


NOTES: 1. READY is an open-collector signal and should be pulled inactive with an appropriate resistor 
(6202 at 10MHz and 12.5 MHz, 470 at 16MHz, 390N at 20MHz, 270N at 25MHz). 


2. HLDA is only Low if HOLD is inactive (Low). 


3. All unused inputs should be pulled to their inactive state with pull up/down resistors. 


Functional Description 
Introduction 


The Harris 80C286 microprocessor is a static CMOS 
version of the NMOS 80286 microprocessor. The 80C286 
is an advanced, high-performance microprocessor with 
specially optimized capabilities for multiple user and 
multi-tasking systems. Depending on the application, the 
80C286’s performance is up to nineteen times faster than 
the standard 5MHz 8086’s, while providing complete 
upward software compatibility with Harris 80C86 and 
80C88 CPU family. . 


The 80C286 operates in two modes: 80C286 real address 
mode and protected virtual address mode. Both modes 
execute a superset of the 80C86 and 80C88 instruction set. 


In 80C286 real address mode programs use real addresses 
with up to one megabyte of address space. Programs use 
virtual addresses in protected virtual address mode, also 
called protected mode. In protected mode, the 80C286 
CPU automatically maps 1 gigabyte of virtual addresses per 
task into a 16 megabyte real address space. This mode also 
provides memory protection to isolate the operating system 
and ensure privacy of each tasks’ programs and data. Both 
modes provide the same base instruction set, registers and 
addressing modes. 


The Functional Description describes the following: Static 
operation, the base 80C286 architecture common to both 
modes, 80C286 real address mode, and finally, protected 
mode. 
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Static Operation 


The 80C286 is comprised of completely static circuitry. 
internal registers, counters, and latches are static and 
require no refresh as with dynamic circuit design. This 
eliminates the minimum operating frequency restriction 
typically placed on microprocessors. The CMOS 80C286 
can operate from DC to the specified upper frequency 
limit. The clock to the processor may be stopped at any 
point (either phase one or phase two of the processor 
clock cycle) and held there indefinitely. There is, 
however, a significant decrease in power requirement if 
the clock is stopped in phase two of the processor clock 
cycle. Details on the clock relationships will be discussed 
in the Bus Operation section. The ability to stop the clock 
to the processor is especially useful for system debug or 
power critical applications. 


80C286 Base Architecture 


The 80C86, 80C88, and 80C286 CPU family all contain the 
same basic set of registers, instructions, and addressing 
modes. The 80C286 processor is upwardly compatible 
with the 80C86 and 80C88 CPU's. 


Register Set 
The 80C286 base architecture has fifteen registers as 


shown in Figure 1. These registers are grouped into the 
following four categories. 


The 80C286 can be single-stepped using only the 
CPU clock. This state can be maintained as long as 
necessary. Single step clock information allows simple 
interface circuitry to provide critical information for 
system debug. 


Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can 
provide low power operation since 80C286 power 
dissipation is directly related to operating frequency. As 
the system frequency is reduced, so is the operating 
power until, ultimately, with the clock stopped in phase 
two of the processor clock cycle, the 80C286 power 
requirement is the standby current (5mMA maximum). 


GENERAL REGISTERS: Eight 16-bit general purpose 
registers used to contain arithmetic and logical operands. 
Four of these (AX, BX, CX and DX) can be used either in 
their entirety as 16-bit words or split into pairs of separate 
8-bit registers. 


SEGMENT REGISTERS: Four 16-bit special purpose 
registers select, at any given time, the segments of 
memory that are immediately addressable for code, stack 
and data. (For usage, refer to Memory Organization.) 


16-BIT SPECIAL 
REGISTER REGISTER 
NAME FUNCTIONS 
15 0 
BYTE MULTIPLY/DIVIDE cs CODE SEGMENT SELECTOR 
ADDRESSABLE 
(8-BIT POINSTRUCTIONS DS DATA SEGMENT SELECTOR 
REGISTER ; 
NAMES LOOP/SHIFT/REPEAT COUNT ss STACK SEGMENT SELECTOR 
SHOWN) 
ES EXTRA SEGMENT SELECTOR 
BASE REGISTERS 
SEGMENT REGISTERS 
15 (4) 
INDEX REGISTERS 
F FLAGS 
STACK POINTER Ip INSTRUCTION POINTER 
MSW MACHINE STATUS WORD 
GENERAL 
REGISTERS STATUS AND CONTROL 
REGISTERS 


FIGURE 1. 
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STATUS FLAGS: 
CARRY 
PARITY 
AUXILIARY CARRY 
ZERO 
SIGN 

OVERFLOW - 


15 14 13 12 
raos: | oe] 


11 «610 9 


MSW: 


RESERVED 


NUN ANMUTNANTANANT NANT ANNVTNNNNUARNV NANT ARNT NANT NN PB 


PROCESSOR EXTENSION EMULATED 
_ MONITOR PROCESSOR EXTENSION 


Core Por Po Po A ee B= 


CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


SPECIAL FIELDS: 
VO PRIVILEGE LEVEL 
NESTED TASK FLAG 


TASK SWITCH 


PROTECTION ENABLE 


FIGURE 2. STATUS AND CONTROL REGISTER BIT FUNCTIONS 


BASE AND JNDEX REGISTERS: Four of the general 
_ purpose registers may also be used to determine offset 
addresses of operands in memory. These registers may 
contain base addresses or indexes to particular locations 
within a segment. The addressing mode determines the 
specific registers used for operand address calculations. 


STATUS AND CONTROL REGISTERS: Three 16-bit 
special purpose registers record or control certain 
aspects of the 80C286 processor state. These include the 
Flags register and Machine Status Word register shown in 


Figure 2, and the Instruction Pointer, which contains the 
offset address of the next sequential instruction to be 
executed. 


Flags Word Description 


The Flags word (Flags) records specific characteristics of 
the result of logical and arithmetic instrucitons (bits 0, 2, 
4, 6, 7 and 11) and controls the operation of the 80C286 
within a given operating mode (bits 8 and 9). Flags is a 
16-bit register. The function of the flag bits is given in 
Table 2. 


TABLE 2. FLAGS WORD BIT FUNCTIONS 


| ocr Carry Flag — Set on high-order bit carry or borrow; cleared otherwise 


Parity Flag — Set if low-order 8-bits of result contain an even number of 1-bits; cleared 


BIT POSITION 


otherwise 


ee 
ee 
ie 
" 
7 


C 
Pp 
Set on carry from or borrow to the low order four bits of AL; cleared otherwise 
Zero Flag — Set if result is zero; cleared otherwise 
Sign Flag — Set equal to high-order bit of result (0 if positive, 1 if negative) 
O 
5 


Overflow Flag — Set if result is a too-large positive number or a too-small negative 
number (excluding sign-bit) to fit in destination operand; cleared otherwise 


Single Step Flag — Once set, a single step interrupt occurs after the next instruction 
executes. TF is cleared by the single step interrupt. 


Interrupt-enable Flag — When set, maskable interrupts will cause the CPU to transfer 
contro! to an interrupt vector specified location . 


Direction Flag — Causes string instructions to auto decrement the appropriate index 
registers when set. Clearing DF causes auto increment. 
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Instruction Set 


The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula- 
tion, control transfer, high level instructions, and 
processor control. These categories are summarized in 
Figure 3. 


An 80C286 instruction can reference zero, one, or two 
operands; where an operand may reside in a register, in 
the instruction itself, or in memory. Zero-operand 
instructions (e.g. NOP ane HLT) are usually one byte 
long. One-operand instructions (e.g. INC and DEC) are 
usually two bytes long but some are encoded in only one 
byte. One-operand instructions may reference a register 
or memory location. Two-operand instructions permit the 
following six types of instruction operations: 


e Register to Register e Memory to Memory 
e Memory to Register e Register to Memory 
e Immediate to Register e Immediate to Memory 


GENERAL PURPOSE 
M 


OV 
PUSH 
KCHG 
KAT 
ouT 


FIGURE 3A. DATA TRANSFER INSTRUCTIONS 


REP 


FIGURE 3C. STRING INSTRUCTIONS 


PUSHA 
POPA 


LEA 
LDS 
LES 


Two-operand instructions (e.g. MOV and ADD) are 
usually three to six bytes long. Memory to memory 
operations are provided by a spécial class of string 
instructions requiring one to three bytes. For detailed 
instruction formats and encodings refer to the instruction 
set summary at the end of this document. 


Po CADDITION, 
| Addbyteorword 
| Increment byteorwordbyt 
| ASClladjustforaddiion 
| Decimal adjustforaddition 
| SUBTRACTION, 
Subtract byte or word with borrow 
| Decrement byteorwordby? 
| Negatebyteorword 
Compare byteorword 
| ASClladjustforsubtraction 
Decimal adjust for subtraction 
| MULTIPLICATION, 
| MUL | Multiplybyteorwordunsigned 
pC ISION 
ASCII adjust for division 
| Convertbytetoword 
[| Convertwordtodoubleword 


FIGURE 3B. ARITHMETIC INSTRUCTIONS 


ADD 
ADC 
INC 

AAA 
DAA 


SUB 
SBB 
DEC 
NEG 
CMP 
AAS 
DAS 


LOGICALS 
Ton | “inelusiveor"byteorword 


“Exclusive or’ byte or word 
TEST 


“Test” byte or word 


ee a SIS ee 


Shift logical right byte or word 
| SAR Shift arithmetic right byte or word 
ROTATES 
Rotate left byte or word 
L 


Rotate right byte or word 
Rotate through carry left byte or word 
Rotate through carry right byte or word 


FIGURE 3D. SHIFT/ROTATE LOGICAL INSTRUCTIONS 
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ONDITIONAL TRANSFERS 
Jump if above/not below nor equal 
Jump if above or equal/not below 
: Jump if below/not above nor equal . 
Jump if below or equal/not above 
Jump if carry 
Jump if equal/zero 


C 


JA/JINBE 
JAE/JNB 
JB/JNAE 
JBE/JNA 


= 
©) 


JENMZ 
JG/UNLE © 
JGE/JNL 
JL/INGE 
JLE/ING 
JNC 

~ JNE/JN 
JNO 
JNP/JPO 
JN 


Jump if greater/not less nor equal 

Jump if greater or equal/not less 
Jump if less/not greater nor equal 
Jump if less or equal/not greater 
Jump if not carry 
Jump if not equal/not zero 
Jump if not overflow 

Jump if not parity/parity odd 

Jump if not sign 
Jump if overflow 
Jump if parity/parity even 
Jump if sign 


A 


” 


JP/JPE 


ae 
op) 


qq 


FIGURE 3E. PROGRAM 


FLT 
walt 
SC 
LOCK 
NOF 
MSW 
SSW 


FIGURE 3F. PROCESSOR CONTROL INSTRUCTIONS 


STC 
| CLC 
CMC 
STD 
CLD 
ST 
CLI 


ENTER Format stack for procedure entry 
LEAVE Restore stack for procedure exit 


BOUND Detects values outside prescribed range 


FIGURE 3G. HIGH LEVEL INSTRUCTIONS 


Escape to extension processor | 


UNCONDITIONAL TRANSFERS __ 
CALL 
RET 


ITERATION CONTROLS 


LOOPE/LOOPZ | 


LOOPNE/LOOPNZ 


Loop 

Loop if equal/zero — 
Loop if not equal/not zero 
Jump if register CX = 0 


INTERRUPTS 


Interrupt 


Interrupt if overflow 


‘Interrupt return 


TRANSFER INSTRUCTIONS 


Memory Organization 


Memory is organized as sets of variable-length segments. 
Each segment is a linear contiguous sequence of up to 
64K (216) 8-bit bytes. Memory is addressed using a 
two-component address (a pointer) that consists of a 
16-bit segment selector and a 16-bit offset. The segment 
selector indicates the desired segment in memory. The 
offset component indicates the desired byte address 
within the segment. (See Figure 4). 


All instructions that address operands in memory must 
specify the segment and the offset. For speed and 
compact instruction encoding, segment selectors are 
usually stored in the high speed segment registers. An 
instruction need specify only the desired segment 
register and offset in order to address a memory operand. 


POINTER 


i, 
SEGMENT OFFSET © 


31 16 15 0 


OPERAND 
SELECTED 


SELECTED 
SEGMENT 


MEMORY 


FIGURE 4. TWO COMPONENT ADDRESS 
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TABLE 3. SEGMENT REGISTER SELECTION RULES 


Memory Segment Register Implicit Segment 
Reference Needed Used Selection Rule 
Instructions Code (CS) Automatic with instruction prefetch 


Stack Stack (SS) All stack pushes and pops. Any memory reference which uses BP asa 
base register. 


Local Data Data (DS) All data references except when relative to stack or string destination 
External (Global) Data Extra (ES) Alternate data segment and destination of string operation 


Most instructions need not explicitly specify which 
segment register is used. The correct segment register is 


automatically chosen according to the rules of Table 3. CS = 7 

These rules follow the way programs are written (see | l 

Figure 5) as independent modules that require areas for 

code and.data, a stack, and access to external data areas saa 
MODULE A : 

Special segment override instruction prefixes allow the DATA 


implicit segment register selection rules to be overriden 
for special cases. The stack, data and extra segments may | 


coincide for simple programs. To access operands not re- 

siding in one of the four immediately available segments, CODE 
i NK 

DATA 


a full 32-bit pointer or a new segment selector must be MODULE B 
loaded. 


Addressing Modes 


The 80C286 provides a total of eight addressing modes for 

instructions to specify operands. Two addressing modes 

are provided for instructions that operate on register or PROCESS 
immediate operands: STACK 


REGISTER OPERAND MODE: The operand is located in 
one of the 8 or 16-bit general registers. 


IMMEDIATE OPERAND MODE: The operand is included 


j 
l 
offset. The segment selector is supplied by a segment | 
L 


I 
1 
in the instruction. PROCESS 
DATA 
Six modes are provided to specify the location of an oper- BLOCK 1 
and in a memory segment. A memory operand address 
consists of two 16-bit components: segment selector and 
register either implicitly chosen by the addressing mode PROCESS 
or explicitly chosen by a segment override prefix. The off- DATA 
set is calculated by summing any combination of the BLOCK 2 
following three address elements: 
i 
the displacement (an 8 or 16-bit immediate value i fall 
contained in the instruction) MEMORY 


the base (contents of either the BX or BP base registers) 
FIGURE 5. SEGMENTED MEMORY HELPS 


the index (contents of either the SI or DI index registers) STRUCTURE SOFTWARE 
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Any carry out from the 16-bit addition is ignored. Eight-bit 
displacements are sign extended to 16-bit values. 


Combinations of these three address elements define the 
six memory addressing modes, described below. | 


DIRECT MODE: The operand’s offset is contained in the 
instruction as an 8 or 16-bit displacement element. 


REGISTER INDIRECT MODE: The operand’s offset is in 
one of the registers SI, DI, BX or BP. 


BASED MODE: The operand’s offset is the sum of an 8 or 
16-bit displacement and the contents of a base register 
(BX or BP). 


INDEXED MODE: The operand’s offset is the sum of an 8 
or 16-bit displacement and the contents of an index regis- 
ter (SI or Dl). 


BASED INDEXED MODE: The operand'’s offset is the sum 
of the contents of a base register and an index register. 


BASED INDEXED MODE WITH DISPLACEMENT: The 
operand’s offset is the sum of a base register’s contents, 
an index register’s contents, and an 8 or 16-bit displace- 
ment. 


Data Types 


The 800286 directly supports the following data types: 


Integer: A signed binary numeric value contained in an 
8-bit byte or a 16-bit word. All operations assume 
a 2’s complement representation. Signed 32 and 
64-bit integers are supported using the 80287 
Numeric Data Processor. 

Ordinal: An unsigned binary numeric value contained in 
an 8-bit byte or 16-bit word. 

Pointer: A 32-bit quantity, composed of a segment 
selector component and an offset component. 
Each component is a 16-bit word. 

String: A contiguous sequence of bytes or words. A 
string may contain from 1 byte to 64K bytes. 

ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

BCD: A byte (unpacked) representation of the decimal 
digits 0-9. 

Packed A byte (packed) representation of two decimal 

BCD: digits 0-9 storing one digit in each nibble of the 
byte. 

Floating A signed 32, 64 or 80-bit real number 

Point: representation. (Floating point operands are 


supported using the 80287 Numeric Processor 


extension). 
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Figure 6 graphically represents the data types supported 
by the 80C286. 


0 


7 
SIGNED 
BYTE 


SIGN BIT -| J 


MAGNITUDE 
7 0 
UNSIGNED 
BYTE 
L. MSB 
MAGNITUDE 
14+? g7 O 4g 
SIGNED 
WORD 
SIGN BIT ~,““MSB 
MAGNITUDE 
SIGNED 31 *3 +2 15 +1 0 4 
DOUBLE 
WORD* 
SIGN BIT~ ,“ MSB 
MAGNITUDE 
+7 +6 +5 +4 +3 +2 +1 
SIGNED 63 48 47 32 31 16 15 0 
QUAD 
WORD’ 
SIGN BIT 4,— MSB 
MAGNITUDE 
15 +1 0 0 
UNSIGNED 
WORD 
_mwsB 
MAGNITUDE 
Sianayss +N g 7 +1 97 GD 4g 
DECIMAL 
(BCD) _ BCD BCD BCD 
DIGIT N DIGIT 1 DIGIT 0 
7 tN: g 7 +1 97 O 4 
ASCII ASCH ASCII 
CHARACTERN CHARACTER; CHARACTER) 
7 tN g 7 tl g7 OO 4 
PACKED 
Ld ; {] 
MOST LEAST 
SIGNIFICANT DIGIT SIGNIFICANT DIGIT 
ms tN 9 ms +1 os 9 9 
BYTE/WORD N BYTE/WORD 1 BYTE/WORD 0. 
31 +3 +2 1615 +1 0 0 
POINTER 


SELECTOR OFFSET 
7g t9 +8 +7 +6 +5 +4 +3 = #+2 «+1 0 4 


FLOATING 
POINT* 


SIGN BIT ~ 


EXPONENT MAGNITUDE 


*Supported by 80C286/80287 Numeric Data Processor Configuration 
FIGURE 6. 80C286 SUPPORTED DATA TYPES 
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TABLE 4. INTERRUPT VECTOR ASSIGNMENTS 


INTERRUPT 


FUNCTION NUMBER 


Divide error exception 
Single step interrupt 
NMI interrupt 
Breakpoint interrupt 


INTO detected overfiow exception 


BOUND range exceeded exception 


Invalid opcode exception 


User defined 


1/O Space 


The I/O space consists of 64K 8-bit ports, 32K 16-bit ports, 
or a combination of the two. I/O instructions address the 
1/O space with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that A15-Ag 
are LOW. I/O port addresses OOF8(H) through OOFF(H) 
are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and machine 
state (Flags) are saved on the stack to allow resumption of 
the interrupted program. Interrupts fall into three classes: 
hardware initiated, INT instructions, and instruction 
exceptions. Hardware initiated interrupts occur in 
response to an external input and are classified as 
non-maskable or maskable. Programs may cause an 
interrupt with an INT instruction. Instruction exceptions 
occur when an unusual condition which prevents further 
instruction processing is detected while attempting to 
execute an instruction. The return address from an 
exception will always point to the instruction causing the 
exception and include any leading instruction prefixes. 


A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0- 
31, some of which are used for instruction exceptions, are 
reserved. For each interrupt, an 8-bit vector must be 
supplied to the 80C286 which identifies the appropriate 
table entry. Exceptions supply the interrupt vector inter- 
nally. INT instructions contain or imply the vector and 
allow access to all 256 interrupts. Maskable hardware 
initiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. Non- 
maskable hardware interrupts use a predefined internally 
supplied vector. 


DOES RETURN ADDRESS 
POINT TO INSTRUCTION 
CAUSING EXCEPTION? 


RELATED 
INSTRUCTIONS 


Maskable Interrupt (INTR) 


The 80C286 provides a maskable hardware interrupt 
request pin, INTR. Software enables this input by setting 
the interrupt flag bit (IF) in the flag word. All 224 
user-defined interrupt sources can share this input, yet 
they can retain separate interrupt handlers. An 8-bit 
vector read by the CPU during the interrupt acknowledge 
sequence (discussed in System Interface section) 
identifies the source of the interrupt. 


The processor automatically disables further maskable 
interrupts internally by resetting the IF as part of the 
response to an interrupt or exception. The saved flag 
word will reflect the enable status of the processor prior to 
the interrupt. Until the flag word is restored to the flag 
register, the interrupt flag will be zero unless specifically 
set. The interrupt return instruction includes restoring the 
flag word, thereby restoring the original status of IF. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt input (NMI) is also provided. 
NMI has higher priority than INTR. A typical use of NMI 
would be to activate a power failure routine. The 
activation of this input causes an interrupt with an 
internally supplied vector value of 2. No external interrupt 
acknowledge sequence is performed. 


While executing the NMI servicing procedure, the 80C286 
will service neither further NMI requests, INTR requests, 
nor the processor extension segment overrun interrupt 
until an interrupt return (IRET) instruction is executed or 
the CPU is reset. If NMi occurs while currently servicing 
an NMI, its presence will be saved for servicing after 
executing the first IRET instruction. IF is cleared at the 
beginning of an NMI interrupt to inhibit INTR interrupts. 
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Single Step Interrupt 


The 80C286 has an internal interrupt that allows programs 
to execute one instruction at a time. It is called the single 
step interrupt and is controlled by the single:step flag bit 
(TF) in the flag word. Once this bit is set, an internal single 
step interrupt will occur after the next instruction has 
been executed. The interrupt clears the TF bitand usesan 
internally supplied vector of 1. The IRET instruction is 
used to set the TF bit and transfer control to the next 
instruction to be single stepped. 


Interrupt Priorities 


When simultaneous interrupt requests occur, they are 
processed in a fixed order as shown in Table 5. Interrupt 
processing involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the 
interrupt handler. If another enabled interrupt should 
occur, it is processed before the next instruction of the 
current interrupt handler is executed. The last interrupt 
processed is therefore the first one serviced. 


TABLE 5. INTERRUPT PROCESSING ORDER 


ORDER INTERRUPT 


Instruction exception 


Single step 


NMI 
INTR 


pa Processor extension segment overrun 
=a INT instruction 


Initialization and Processor Reset 


Processor initialization or start up is accomplished by 
driving the RESET input pin HIGH. RESET forces the 
80C286 to terminate all execution and local bus activity. 
No instruction or bus activity will occur as long as RESET 
is active. After RESET becomes inactive, and an internal 
processing interval elapses, the 80C286 begins execution 
in real address mode with the instruction at physical 
location FFFFFO(H). RESET also sets some registers to 
predefined values as shown in Table 6. 


TABLE 6. 80C286 INITIAL REGISTER STATE AFTER RESET 


Flag word 


0002(H) 
FFFO(H) 
-FFFO(H) 


Machine status word 
Instruction pointer 

Code segment FO00(H) 
0000(H) 
0000(H) 


0000(H) 


Data segment 
Extra segment 


Stack segment 


HOLD must not be active during the time from the leading 
edge of the initial RESET to 34 CLKs after the trailing edge 
of the initial RESET of an 80C286 system. 


Machine Status Word Description 


The machine status word (MSW) records when a task 
switch takes place and controls the operating mode of the 
80C286. It is a 16-bit register of which the lower four bits 
are used. One bit places the CPU into protected mode, 
while the other three bits, as shown in Table 7, control the 


TABLE 7. MSW BIT FUNCTIONS 


BIT POSITION 
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FUNCTION | 


Protected mode enable places the 80C286 into protected mode and cannot be cleared 
except by RESET. . | 
Monitor processor extension allows WAIT instructions to cause a processor extension 
not present exception (number 7). 


Emulate processor extension causes a processor extension not present exception 
(number 7) on ESC instructions to allow emulating a processor extension. 


Task switched indicates the next instruction using a processor extension will cause 
exception 7, allowing software to test whether the current processor extension context 
belongs to the current task. 


80C286 


TABLE 8. RECOMMENDED MSW ENCODINGS FOR PROCESSOR EXTENSION CONTROL 


RECOMMENDED USE 


Initial encoding after RESET. 80C286 operation is identical to 
80C86/88 
No processor extension is available. Software will emulate its 
function. 


INSTRUCTIONS 
CAUSING 
EXCEPTION 7 


No processor extension is available. Software will emulate its 
function. The current processor extension context may belong to 


another task. 


A processor extension exists. 


A processor extension exists. The current processor extension 
context may belong to another task. The exception 7 on WAIT allows 
software to test for an error pending from a previous processor 


extension operation 


processor extension interface. After RESET, this register 
contains FFFO(H) which places the 80C286 in 80C286 real 
address mode. 


The LMSW and SMSW instructions can load and store the 
MSW in real address mode. The recommended use of TS, 
EM, and MP is shown in Table 8. 


80C286 Real Address Mode 


The 80C286 executes a fully upward-compatible superset 
of the 80C86 instruction set in real address mode. In real 
address mode the 80C286 is object code compatible with 
80C86 and 80C88 software. The real address mode 
architecture (registers and addressing modes) is exactly 
as described in the 80C286 Base Architecture section of 
this Functional Description. 


Memory Size 


Physical memory is a contiguous array of up to 1,048,576 
bytes (one megabyte) addressed by pins Ag through Aig 
and BHE. Agg through Ag3 should be ignored. 


Memory Addressing 


In real address mode physical memory is a contiguous 
array of up to 1,048,576 bytes (one megabyte) addressed 
by pin Ag through Aig and BHE. Address bits Ao9-A23 
may not always be zero in real mode. A29-A93 should not 
be used by the system while the 80C286 is operating in 
Real Mode. 


The selector portion of a pointer is interpreted as the 
upper 16-bits of a 20-bit segment address. The lower four 
bits of the 20-bit segment address are always zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes. See Figure 7 for a graphic representation of 
address information. 


All segments in real address mode are 64K bytes in size 
and may be read, written, or executed. An exception or in- 
terrupt can occur if data operands or instructions attempt 


ESC or WAIT 


The HLT instruction stops program execution and 
prevents the CPU from using the local bus until restarted. 
Either NMI, INTR with IF = 1, or RESET will force the 
80C286 out of halt. If interrupted, the saved CS:IP will 
point to the next instruction after the HLT. 


Halt 


to wrap around the end of a segment (e.g. a word with its 
low order byte at offset FFFF(H) and its high order byte at 
offset 0000(H). If, in real address mode, the information 
contained in a segment does not use the full 64K bytes, 
the unused end of the segment may be overlayed by 
another segment to reduce physical memory require- 
ments. 


15 0 
OFFSET 
e009] FEST ADDRESS 


SEGMENT 
ADORESS 


| 20-BIT PHYSICAL 
MEMORY ADDRESS 


FIGURE 7. 80C286 REAL ADDRESS MODE ADDRESS 
CALCULATION 
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TABLE 9. REAL ADDRESS MODE ADDRESSING INTERRUPTS 


Processor extension segment overrun 
interrupt 


13 


Segment overrun exception 


Reserved Memory Locations 


The 80C286 reserves two fixed areas of memory in reali ad- 
dress mode (see Figure 8); system initialization area and 
interrupt table area. Locations from addresses FFFFO(H) 
through FFFFF(H) are reserved for system initialization. 
Initial execution begins at location FFFFO(H). Locations 
00000(H) through OOSFF(H) are reserved for interrupt 
vectors. 


FFFFFH 
RESET BOOTSTRAP 
PROGRAM JUMP 
FFFFOH 


INTERRUPT POINTER 
FOR VECTOR 255 


INTERRUPT POINTER 
‘FOR VECTOR 1 

INTERRUPT POINTER 
FOR VECTOR 0 


INITIAL CS:IP VALUE IS F000:FFFO. 


FIGURE 8. 80C286 REAL ADDRESS MODE INITIALLY 
RESERVED MEMORY LOCATIONS 


Interrupts 


Table 9 shows the interrupt vectors reserved for excep- 
tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing before 
attempting to execute the failing instruction (except for 


Protected Virtual Address Mode 


The 80C286 executes a fully upward-compatible superset 
of the 80C86 instruction set in protected virtual address 
mode (protected mode). Protected mode also provides 
memory management and protection mechanisms and 
associated instructions. 


The 80C286 enters protected virtual address mode from 
real address mode by setting the PE (Protection Enable) 
bit of the machine. status word with the Load Machine 
Status Word (LMSW) instruction. Protected mode offers 


| —_ INTERRUPT RELATED RETURN ADDRESS 
_ FUNCTION NUMBER INSTRUCTIONS ‘| BEFORE INSTRUCTION 
INT vector is not within table limit 
ESC with memory operand extending No 
beyond offset FFFF(H) . 
Word memory reference with offset = 


FFFF(H) or an attempt to execute past 
the end of a segment 


Yes 


PUSH, POP, PUSHA, or POPA). Refer to the next section 
on protected mode initialization for a discussion on 
exception 8. | 


Protected Mode Initialization 


To prepare the 80C286 for protected mode, the LIDT 
instruction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode interrupt table. 
This instruction can also set a base and limit for the 
interrupt vector table in real address mode. After reset, the 
interrupt table base is initialized to OO0000(H) and its size 
set to OSFF(H). These values are compatible with 80C86 


' and 80C88 software. LIDT should only be executed in 


preparation for protected mode. 
Shutdown 


Shutdown occurs when a severe error is detected that 
prevents further instruction processing by the CPU. 
Shutdown and halt are externally signalled via a halt bus 
operation. They can be distinguished by Az HIGH for halt 
and Az LOW for shutdown. In real address mode, 
shutdown can occur under two conditions: 


e Exceptions 8 or 13 happen and the IDT limit does not 
include the interrupt vector. 


e© A CALL INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 


An NMI input can bring the CPU out of shutdown if the 
IDT limit is at least OOOF(H) and SP is greater than 
0005(H), otherwise shutdown can only be exited via the 
RESET input. 


extended physical and virtual memory address space, 
memory protection mechanisms, and new operations to 
support operating systems and virtual memory. 


All registers, instructions, and addressing modes de- 
scribed in the 80C286 Base Architecture section of this 
Functional Description remain the same. Programs for 
the 80C86, 80C88, and real address mode 80C286 can be 
run in protected mode; however, embedded constants for 
segment selectors are different.. 
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Memory Size 


The protected mode 80C286 provides a 1 gigabyte virtua! 
address space per task mapped into a 16 megabyte 
physical address space defined by the address pins 
A93-Ag and BHE. The virtual address space may be larger 
than the physical address space since any use of an 
address that does not map to a physical memory location 


will cause a restartable exception. 
CPU 


3 


SELECTOR] OFFSET 


POINTER 


PHYSICAL MEMORY 
N N 


SEGMENT 


PHYSICAL 
ADDRESS 
ADDER 


MEMORY 
OPERAND 


SEGMENT 
DESCRIPTOR 


~~ N 
FIGURE 9. PROTECTED MODE MEMORY ADDRESSING 


SEGMENT 
DESCRIPTOR 
TABLE 


SEGMENT BASE 
ADDRESS 


Memory Addressing 


As in real address mode, protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset 
components. The selector, however, specifies an index 
into amemory resident table rather than the upper 16-bits 
of a real memory address. The 24-bit base address of the 
desired segment is obtained from the tables in memory. 
The 16-bit offset is added to the segment base address to 
form the physical address as shown in Figure 9. The tables 


are automatically referenced by the CPU whenever a 
segment register is loaded with a selector. All 80C286 
instructions which load a segment register will reference 
the memory based tables without additional software. The 
memory based tables contain 8 byte values called 
descriptors. 


Descriptors 


Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of 
control and task switching. The 80C286 has segment 
descriptors for code, stack and data segments, and 
system control descriptors for special system data 
segments and control transfer operations. Descriptor 
accesses are performed as locked bus operations to 
assure descriptor integrity in multi-processor systems. 


Code and Data Segment Descriptors (S = 1) 


Besides segment base addresses, code and data descrip- 
tors contain other segment attributes including segment 
size (1 to 64K bytes), access rights (read only, read/write, 
execute only, and execute/read), and presence in 
memory (for virtual memory systems) (See Figure 10). 
Any segment usage violating a segment attribute 
indicated by the segment descriptor will prevent the 
memory cycle and cause an exception or interrupt. 


CODE OR DATA SEGMENT DESCRIPTOR 


7 0 7 0 


RESERVED* 


ACCESS 


YP BASE 93. +4 
RIGHTSBYTE ~° [P| oeu|s| tyPe | al ao78 
+3 BASE 15-0 +2 
+1 LIMIT 15-0 0 
15 8 7 0 


*Must be set to 0 for compatability with future upgrades. 


ACCESS RIGHTS BYTE DEFINITION 


Present (P) 
6-5 Descriptor Privilege 
Level (DPL) 
4 Segment Descrip- = 4 
= 0 


3 Executable (E) = 0 
2 Expansion Direc- DO 
tion (ED) D= 


Writeable (W) 


Bs Executable (E) Code Segment Descriptor type is: if 

Definition Conforming (C) Code segment may only be executed Code 
when CPL 2 DPL and CPL Segment 
remains unchanged. 


Bit 
7 


Segment is mapped into physical memory. 

No mapping to physical memory exits, base and limit are 
not used. 

Segment privilege attribute used in privilege tests. 


Code or Data (includes stacks) segment descriptor 
System Segment Descriptor or Gate Descriptor 


Data segment descriptor type is: 
Expand up segment, offsets must be < limit. Data 
1 Expand down segment, offsets must be > limit. 
0 Data segment may not be written into. 
1 Data segment may be written into. E = 


Code segment may not be read 
Code segment may be read. 


(S = 1, 
E = 1) 


FIGURE 10. CODE AND DATA SEGMENT DESCRIPTOR FORMATS 
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Code and data (including stack data) are stored in two 
types of segments: code segments and data segments. 
Both types are identified and defined by segment 
descriptors (S = 1). Code segments are identified by the 
executable (E) bit set to 1 in the descriptor access rights 
byte. The access rights byte of both code and data 
segment descriptor types have three fields in common: 
present (P) bit, Descriptor Privilege Level (DPL), and 
accessed (A) bit. If P = 0, any attempted use of this 
segment will cause a not-present exception. DPL 
specifies the privilege level of the segment descriptor. 
DPL controls when the descriptor may be used by a task 
(refer to privilege discussion below). The A bit shows 
whether the segment has been previously accessed for 
usage profiling, a necessity for virtual memory systems. 
The CPU will always set this bit when accessing the 
descriptor. 


Data segments (S = 1, E = 0) may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W =0) data segments may not be written 
into. Data segments may grow in two directions, as 
determined by the Expansion Direction (ED) bit: upwards 
(ED = 0) for data segments, and downwards (ED =1) fora 
segment containing a stack. The limit field for a data 
segment descriptor is interpreted differently depending 
on the ED bit (see Figure 10). . 


A code segment (S = 1, E = 1) may be execute-only or 
execute/read as determined by the Readable (R) bit. Code 
segments may never be written into and execute-only 
code segments (R = 0) may not be read. A code segment 
may also have an attribute called conforming (C). A 
conforming code segment may be shared by programs 
that execute at different privilege levels. The DPL of a 
conforming code segment defines the range of privilege 
levels at which the segment may be executed (refer to 
privilege discussion below). The limit field identifies the 
last byte of a code segment. 


System Segment Descriptors (S = 0, Type = 1-3) 


In addition to code and data segment descriptors, the 
protected mode 80C286 defines System Segment 
Descriptors. These descriptors define special system data 
segments which contain a table of descriptors (Local 
Descriptor Table Descriptor) or segments which contain 
the execution state of a task (Task State Segment 
Descriptor). 


Figure 11 gives the formats for the special system data 
segment descriptors. The descriptors contain a 24-bit 
base address of the segment and a 16-bit limit. The access 
byte defines the type of descriptor, its state and privilege 
level. The descriptor contents are valid and the segmentis 
in physical memory if P = 1. If P = 0, the segment is not 
valid. The DPL field is only used in Task State Segment 
descriptors and indicates the privilege level at which the 
descriptor may be used (see Privilege). Since the Local 
Descriptor Table descriptor may only be used by a special 
privileged instruction, the DPL field is not used. Bit 4 of 
the access byte is 0 to indicate that it is a system control 
descriptor. The type field specifies the descriptor type as 
indicated in Figure 11. ae 


SYSTEM SEGMENT DESCRIPTO 
7 07 a 


RESERVED* : 


Loree, [este | « 
: 
0 


15 8 7 


+7 


+5 


+3 


+1 


*Must be set to 0 for compatability with future upgrades 
[Name | Value | Description 
Available Task State Segment (TSS) 
Busy Task State Segment (TSS) 
Descriptor contents are not valid 
Descriptor contents are valid 
24-bit Base Address of special system data 
number | segment in real memory 
LIMIT | 16-bit | Offset of last byte in segment 
number 


SYSTEM SEGMENT DESCRIPTOR FIELDS 
1 
2 Local Descriptor Table 
3 
0 
1 
| DPL {| 0-3 | Descriptor Privilege Level 
FIGURE 11. SYSTEM SEGMENT DESCRIPTOR FORMAT 
Gate Descriptors (S = 0, Type = 4-7) 


Gates are used to control access to entry points within the 
target code segment. The gate descriptors are call gates, 
task gates, interrupt gates and trap gates. Gates provide a 
level of indirection between the source and destination of 
the control transfer. This indirection allows the CPU to 
automatically perform protection checks and control 
entry point of the destination. Call gates are used to 
change privilege levels (see Privilege), task gates are used 
to perform a task switch, and interrupt and trap gates are 
used to specify interrupt service routines. The interrupt 
gate disables interrupts (resets IF) while the trap gate 
does not. 


Figure 12 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to the 
descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 
gate, and call gate must refer to a code segment 
descriptor. These gate descriptors contain the entry point 
to prevent a program from constructing and using an 
illegal entry point. Task gates may only refer to a task state 
segment. Since task gates invoke a task switch, the 
destination offset is not used in the task gate. 


Exception 13 is generated when the gate is used if a 
destination selector does not refer to the correct 
descriptor type. The word count field is used in the call 
gate descriptor to indicate the number of parameters 
(0-31 words) to be automatically copied from the caller’s 
stack to the stack of the called routine when a control 
transfer changes privilege levels. The word count field is 


not used by any other gate descriptor. 


The access byte format is the same for all descriptors. P = 
1 indicates that th gate contents are valid. P = 0 indicates 
the contents are not valid and causes exception 11 if 
referenced. DPL is the descriptor privilege level and 
specifies when this descriptor may be used by a task (refer 
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to privilege discussion below). Bit 4 must equal 0 to 
indicate a system control descriptor. The type field 
specifies the descriptor type as indicated in Figure 12. 


GATE DESCRIPTOR 


7 0 7 0 
RESERVED* 


+7 +6 
fone fo] ge, [xx] Ebr oo 

+5 DPL TYPE xX X X{ COUNT 4_9 +4 

+1 0 


DESTINATION OFFSET 45-9 
15 8 7 0 


"Must be set to 0 for compatibility with future upgrades 


GATE DESCRIPTOR FIELDS 


-Call Gate 
-Task Gate 

~Interrupt Gate 
-Trap Gate 


-Descriptor Contents are not 
valid 

~Descriptor Contents are 
valid 


Number of words to copy 
from callers stack to ca!led 

procedures stack. Only used 
with call gate. 


Selector to the target code 

segment (Call, interrupt or 

Trap Gate) 

SELECTOR Selector to the target task 
state segment (Task Gate) 


DESTINATION Entry point within the target 
OFFSET code segment 


FIGURE 12. GATE DESCRIPTOR FORMAT 


DESTINATION 


selector 


Segment Descriptor Cache Registers 


A segment descriptor cache register is assigned to each 
of the four segment registers (CS, SS, DS, ES). Segment 
descriptors are automatically loaded (cached) into a 
segment descriptor cache register (Figure 13) whenever 
the associated segment register is loaded with a selector. 


PROGRAM VISIBLE 


SEGMENT SELECTORS 


cs 
DS 
ss 
ES 
18 0 


SEGMENT REGISTERS 
(LOADED BY PROGRAM) 


Ce PROGRAMINVISIBLE 7 


ACCESS 
RIGHTS SEGMENT PHYSICAL BASE ADDRESS SEGMENT SIZE 


47 on 18 15 0 


SEGMENT DESCRIPTOR CACHE REGISTERS 
L.: (AUTOMATICALLY LOADED BY CPU) J 


FIGURE 13. DESCRIPTOR CACHE REGISTERS 


Only segment descriptors may be loaded into segment 
descriptor cache registers. Once loaded, all references to 
that segment of memory use the cached descriptor 
information instead of reaccessing the descriptor. The 
descriptor cache registers are not visible to programs. No 
instructions exist to store their contents. They only 
change when a segment register is loaded. 


Selector Fields 


A protected mode selector has three fields: descriptor 
entry index, local or global descriptor table indicator (T1); 
and selector privilege (RPL) as shown in Figure 14. These 
fields select one of two memory based tables of 
descriptors, select the appropriate table entry and allow 
high-speed testing of the selector’s privilege attribute 
(refer to privilege discussion below). 


SELECTOR 
15 8 7 210 
BITS NAME FUNCTION 


REQUESTED 
PRIVILEGE 
LEVEL 

(RPL) 


INDICATES SELECTOR PRIVILEGE 
LEVEL DESIRED 


TABLE Tl = 0 USE GLOBAL DESCRIPTOR TABLE 


INDICATOR (GDT) 
(TH Tl = 1 USE LOCAL DESCRIPTOR TABLE 
(LOT) 


Sa SELECT DESCRIPTOR ENTRY IN TABLE 


FIGURE 14. SELECTOR FIELDS 


Local and Global Descriptor Tables 


Two tables of descriptors, called descriptor tables, 
contain all descriptors accessible by a task at any given 
time. A descriptor table is a linear array of up to 8192 
descriptors. The upper 13 bits of the selector value are an 
index into a descriptor table. Each table has a 24-bit base 
register to locate the descriptor table in physical memory 
anda 16-bit limit register that confine descriptor access to 
the defined limits of the table as shown in Figure 15.A 
restartable exception (13) will occur if an attempt is made 


to reference a descriptor outside the table limits. 


MEMORY 
cPU ~ 


15 0 


GOT LIMIT 


~N 
BESS 
se ee 
Die oe aS] 
GOT BASE ( 
eee] 
24-BIT PHYS AD 
5 0 
LDT 
DESCR 
SELECTOR LDT, 


5 0 | 


ea ee 
pee ce | 
{eS 
24-BIT PHYS AD 
PROGRAM INVISIBLE | 
(AUTOMATICALLY 
LOADED | 
FROM LDT DESCR 


WITHIN GDT} 


CURRENT 
LDT 


N 
a 


os ee = il 


INCREASING 


MEMORY 
ADDRESSES 


! 
| 
I 
Ls 


gee ss ental 


FIGURE 15. LOCAL AND GLOBAL DESCRIPTOR TABLE 
DEFINITION 
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One table, called the Global Descriptor table (GDT), 
contains descriptors available to all tasks. The other table, 
called the Local Descriptor Table (LDT), contains 
descriptors that can be private to a task. Each task may 
have its own private LDT. The GDT may contain all 
descriptor types except interrupt and trap descriptors. 
The LDT may contain only segment, task gate, and call 
gate descriptors. A segment cannot be accessed by a task 
if its segment descriptor does not exist in either descriptor 
table at the time of access. 


The LGDT and LLDT instructions load the base and limit 
of the global and local descriptor tables. LGDT and LLDT 
are privileged, i.e. they may only be executed by trusted 
programs operating at level 0. The LGDT instruction 
loads a six byte field containing the 16-bit table limit and 
24-bit physical base address of the Global Descriptor 
Table as shown in Figure 16. The LDT instruction loads a 
selector which refers to a Local Descriptor Table 
descriptor containing the base address and limit for an 


LDT, as shown in Figure 11. 
7 0 7 0 


15 8 7 0 
“Must be set to 0 for compatability with future upgrades 


FIGURE 16. GLOBAL DESCRIPTOR TABLE AND 
INTERRUPT DESCRIPTOR TABLE DATA TYPE 


+5 +4 


+3 +2 


+1 


interrupt Descriptor Table 


The protected mode 80C286 has a third descriptor table, 
called the Interrupt Descriptor Table (IDT) (see Figure 
17), used to define up to 256 interrupts. It may contain 
only task gates, interrupt gates and trap gates. The IDT 
(Interrupt Descriptor Table) has a 24-bit physical base 
and 16-bit limit register in the CPU. The priviledged LIDT 
instruction loads these registers with a six byte value of 
identical form to that of the LGDT instruction (see Figure 
16 and Protected Mode Initialization). 


MEMORY 


INTERRUPT 
DESCRIPTOR 
TABLE 

(1OT) 


{OT LIMIT GATE FOR 


INTERRUPT##0 


IOT BASE 


INCREASING 


MEMORY 
ADDRESSES 


FIGURE 17. INTERRUPT DESCRIPTOR TABLE DEFINITION 


References to IDT entries are made via INT instructions, 
external interrupt vectors, or exceptions. The IDT must be 
at least 256 bytes in size to allocate space for all reserved 
interrupts. . 


Privilege 


The 80C286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and 
access to descriptors (and their associated segments) 


within a task. Four-level privilege, as shown in Figure 18, 
is an extension of the userssupervisor mode commonly 
found in minicomputers. The privilege levels are 
numbered 0 through 3. Level 0 is the most privileged level. 
Privilege levels provide protection within a task. (Tasks 
are isolated by providing private LDT’s for each task.) 
Operating system routines, interrupt handlers, and other 
system software can be included and protected within the 
virtual address space of each task using the four levels of 
privilege. Each task in the system has a separate stack for 
each of its privilege levels. 


Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege affects the use of instructions and 
descriptors. Descriptor and selector privilege only affect 
access to the descriptor. 


APPLICATIONS 
CPU 

ENFORCED 
SOFTWARE 


OS EXTENSIONS 
INTERFACES 


HIGH SPEED 
OPERATING 
SYSTEM 

INTERFACE 


NOTE: PL becomes numerically lower as privilege level increases 
FIGURE 18. HIERARCHICAL PRIVILEGE LEVELS 


Task Privilege 


A task always executes at one of the four privilege levels. 
The task privilege level at any specific instant is called the 
Current Privilege Level (CPL) and is defined by the lower 
two bits of the CS register. CPL cannot change during 
execution in a single code segment. A task’s CPL may 
only be changed by control transfers through gate 
descriptors to a new code segment (See Control 
Transfer). Tasks begin executing at the CPL value 
specified by the code segment selector within TSS when 
the task is initiated via a task switch operation (See Figure 
19). A task executing at Level 0 can access all data 
segments defined in the GDT and the task’s LDT and is 
considered the most trusted level. A task executing a 
Level 3 has the most restricted access to data and is 
considered the least trusted level. 


Descriptor Privilege 


Descriptor privilege is specified by the Descriptor 
Privilege Level (DPL) field of the descriptor access byte. 
DPL specifies the least trusted task privilege level (CPL) at 
which a task may access the descriptor. Descriptors with 
DPL = 0 are the most protected. Only tasks executing at 
privilege level 0 (CPL = 0) may access them. Descriptors 
with DPL = 3 are the least protected (i.e. have the least 
restricted access) since tasks can access them when 
CPL = 0, 1, 2, or 3). This rule applies to all descriptors, 
except LDT descriptors. se 
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TABLE 10. DESCRIPTOR TYPES USED FOR CONTROL TRANSFER 


Intersegment to the same or higher privilege 
level Interrupt within task may change CPL. 


Task Switch CALL, JMP 


IRET** 


“NT (Nested Task bit of flag word) = 0 


Selector Privilege 


Selector privilege is specified by the Requested Privilege 
Level (RPL) field in the least significant two bits of a 
selector. Selector RPL may establish a less trusted 
privilege level than the current privilege level for the use of 
a selector. This level is called the task’s effective privilege 
level (EPL). RPL can only reduce the scope of a task’s 
access to data with this selector. A task’s effective 
privilege is the numeric maximum of RPL and CPL. A 
selector with RPL =0 imposes no additional restriction on 
its use while a selector with RPL = 3 can only refer to 
segments at privilege Level 3 regardless of the task’s CPL. 
RPL is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed to use 
data at a more privileged level than the caller (refer to 
pointer testing instructions). 


Descriptor Access and Privilege Validation 


Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the 
instruction used, the type of descriptor used and CPL, 
RPL, and DPL. The two basic types of segment accesses 
are control transfer (selectors loaded into CS) and data 
(selectors loaded into DS, ES or SS). 


Data Segment Access 


Instructions that load selectors into DS and ES must refer 
to a data segment descriptor or readable code segment 
descriptor. The CPL of the task and the RPL of the 
selector must be the same as or more privileged 
(numerically equal to or lower than) than the descriptor 
DPL. In general, a task can only access data segments at 
the same or less privileged levels than the CPL or RPL 
(whichever is numerically higher) to prevent a program 
from accessing data it cannot be trusted to use. 


An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from any 
privilege level. 


DESCRIPTOR DESCRIPTOR 
CONTROL TRANSFER TYPES OPERATION TYPES REFERENCED TABLE 


Intersegment within the same privilege levels JMP, CALL, RET, IRET* Code Segment GDT/LDT 
CALL Call Gate GDT/LDT 


Interrupt Instruction, Exception Trap or Interrupt IDT 
External Interrupt Gate 
Intersegment to a lower privilege level RET, IRET* Code Segment GDT/LDT 
(changes task CPL) 
CALL, JMP Task State Segment 


Interrupt Instruction, Exception 
External Interrupt 


Task Gate GDT/LDT 


If the privilege checks fail (e.g. DPL is numerically less 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g. gate descriptor or 
execute only code segment) exception 13 occurs. If the 
segment is not present, exception 11 is generated. 


*“*NT (Nested Task bit of flag word) = 1 


Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The 
descriptor privilege (DPL) and RPL must equal CPL. All 
other descriptor types or a privilege level violation will 
cause exception 13. A not present fault causes exception 
12. 


Control Transfer 


Four types of control transfer can occur when a selector is 
loaded into CS by a control transfer operation (see Table 
10). Each transfer type can only occur if the operation 
which loaded the selector references the correct 
descriptor type. Any violation of these descriptor usage 
rules (e.g. JMP through a call gate or RET toa Task State 
Segment) will cause exception 13. 


The ability to reference a descriptor for control transfer is 
also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descriptor 
with DPL equal to the task CPL or a conforming segment 
with DPL of equal or greater privilege than CPL. The RPL 
of the selector used to reference the code descriptor must 
have as much privilege as CPL. 


RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the task CPL. The selector loaded into 
CS is the return address from the stack. After the return, 
the selector RPL is the task’s new CPL. If CPL changes, 
the old stack pointer is popped after the return address. 


When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task’s CPL. Reference to a valid Task 
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State Segment descriptor causes a task switch (see Task 
Switch Operation). Reference to a Task State Segment 
descriptor at a more privileged level than the task’s CPL 
generates exception 13. 


When an instruction or interrupt references a gate 
descriptor, the gate DPL must have the same or less 
privilege than the task CPL. If DPL is ata more privileged 
level than CPL, exception 13 occurs. If the destination 
selector contained in the gate references a code segment 
descriptor, the code segment descriptor DPL must be the 
same or more privileged than the task CPL. If not, 
Exception 13 is issued. After the control transfer, the code 
segment descriptors DPL is the task’s new CPL. If the 
destination selector in the gate references a task state 
segment, a task switch is automatically performed (see 
Task Switch Operation). 


The privilege rules on control transfer require: 


> JMP or CALL direct to a code segment (code segment 
descriptor) can only be a conforming segment with 
DPL of equal or greater privilege than CPL or a non- 
conforming segment at the same privilege level. 


>» interrupts within the task, or calls that may change 
privilege levels, can only transfer control through a 
gate at the same or a less privileged level than CPLtoa 
code segment at the same or more privileged level than 
CPL. 


>» return instructions that don’t switch tasks can only 
return control to a code segment at the same or less 
privileged level. 


» task switch can be performed by a call, jump or 
interrupt which references either a task gate or task 
state segment at the same or less privileged level. 


Privilege Level Changes 


Any control transfer that changes CPL within the task, 
causes a change of stacks as part of the operation. Initial 
values of SS:SP for privilege levels 0, 1, and 2 are kept in 
the task state segment (refer to Task Switch Operation). 
During a JMP or CALL control transfer, the new stack 
pointer is loaded into the SS and SP registers and the 
previous stack pointer is pushed onto the new stack. 


When returning to the original privilege level, its stack is 
restored as. part of the RET or IRET instruction operation. 
For subroutine calls that pass parameters on the stack 


TABLE 11. SEGMENT REGISTER LOAD CHECKS 


EXCEPTION 
. ERROR DESCRIPTION NUMBER 


Descriptor table limit exceeded 
11 or 12 
13 


Segment descriptor not-present | 
Privilege rules violated we 


Invalid descriptor/segment type segment 
‘register load: 

—-Read only data segment load to SS 
—Special control descriptor load to DS, ES, SS 
—Execute only segment load to DS, ES, SS 
—Data segment load to CS 
—Read/Execute code segment load SS 


and cross privilege levels, a fixed number of words, as 
specified in the gate, are copied from the previous stack to 
the current stack. The inter-segment RET instruction with 
a stack adjustment value will correctly restore the 
previous stack pointer upon return. 


Protection 


The 80C286 includes mechanisms ‘to protect Critical 


instructions that effect the CPU execution state (e.g. HLT) 


and code or data segments from improper usage. These 
protection mechanisms are grouped into three forms: 


» Restricted usage of segments (e.g. no write allowed to 
read-only data segments). The only segments available 
for use are defined by descriptors in the Local 
Descriptor Table (LDT) and Global Descriptor Table 
(GDT). 


» Restricted access to segments via the rules of privilege 
and descriptor usage. 


» Privileged instructions or operations that may only be 
executed at certain privilege levels as determined by 
the CPL and I/O Privilege Level (IOPL). The IOPL is 
defined by bits 14 and 13 of the flag word. 


These checks are performed for all instructions and can 
be split into three categories: segment load checks (Table 
11), operand reference checks (Table 12), and privileged 
instruction checks (Table 13). Any violation of the rules 
shown will result in an exception. A not-present exception 
related to the stack segment causes exception 12. 


The IRET and POPF instructions do not perform some of 
their defined functions if CPL is not of sufficient privilege 
(numerically small enough). Precisely these are: 


>» The IF bit is not changed if CPL is greater than IOPL. 
>» The IOPL field of the flag word is not changed if CPL is 
greater than 0. 


No exceptions or other indication are given when these 
conditions occur. 


TABLE 12. OPERAND REFERENCE CHECKS 


ERROR DESCRIPTION . 


EXCEPTION 
NUMBER 


Write into code segment 13 
Read from execute-only code segment 13 
Write to read-only data segment 13 
Segment limit exceeded (Note1) 12 or 13 


NOTE 1. Carry out in offset calculations is ignored. 


TABLE 13. PRIVILEGED INSTRUCTION CHECKS 


| EXCEPTION 
ERROR DESCRIPTION NUMBER 
CPL #0 when executing the following | pa 
18 


instructions: 
LIDT, LLDT, LGDT, LTR, LMSW, CTS, HLT 


CPT > IOPL when executing the following 
instructions: 
INS, IN, OUTS, OUT, STI, CLI, LOCK 


13 
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TABLE 14. PROTECTED MODE EXCEPTIONS 


INTERRUPT 


VECTOR FUNCTION 


Double exception detected 


Processor extension segment overrun 
Invalid task state segment 
Segment not present 


Stack segment overrun or stack segment not present 


General protection 


RETURN ADDRESS 
AT FALLING 
INSTRUCTION? 


ERROR CODE 
ON STACK? 


ALWAYS 
RESTARTABLE? 


No (Note 2) 
No (Note 2) 
Yes 
Yes 
Yes (Note 1) 
No (Note 2) 


NOTES: 1. WhenaPUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception will not be restartable 
because stack segment wrap around is not permitted. This condition is identified by the value of the saved SP being either 0000(H), 0001(H), 


FFFE(H), or FFFF(H). 


2. These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted under those 


conditions. 


Exceptions 


The 80C286 detects several types of exceptions and 
interrupts in protected mode (see Table 14). Most are 
restartable after the exceptional condition is removed. 
Interrupt handlers for most exceptions can read an error 
code, pushed on the stack after the return address, that 
identifies the selector involved (0 if none). The return 
address normally points to the failing instruction, 
including all leading prefixes. For a processor extension 
segment overrun exception, the return address will not 
point at the ESC instruction that caused the exception; 
however, the processor extension registers may contain 
the address of the failing instruction. 


These exceptions indicate a violation to privilege rules or 
usage rules has occurred. Restart is generally not 
attempted under those conditions. 


All these checks are performed for all instructions and can 
be split into three categories: segment load checks (Table 
11), operand reference checks (Table 12), and privileged 
instruction checks (Table 13). Any violation of the rules 
shown will result in an exception. A not-present exception 
causes exception 11 or 12 and is restartable. 


Special Operations 
Task Switch Operation 


The 80C286 provides a built-in task switch operation 
which saves the entire 80C286 execution state (registers, 
address space, and a link to the previous task), loads a 
new execution state, and commences execution in the 
new task. Like gates, the task switch operation is invoked 
by executing an inter-segment JMP or CALL instruction 
which refers to a Task State Segment (TSS) or task gate 
descriptor in the GDT or LDT. An INT instruction, 
exception, or external interrupt may also invoke the task 
switch operation by selecting a task gate descriptor in the 
associated IDT descriptor entry. 


The TSS descriptor points at a segment (see Figure 19) 
containing the entire 80C286 execution state while a task 
gate descriptor contains a TSS selector. The limit field of 
the descriptor must be greater than 002B(H). 


Each task must have a TSS associated with it. The current 
TSS is identified by aspecial register in the 80C286 called 
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the Task Register (TR). This register contains a selector 
referring to the task state segment descriptor that defines 
the current TSS. A hidden base and limit register 
associated with TR are loaded whenever TR is loaded with 
a new selector. The IRET instruction is used to return 
control to the task that called the current task or was 
interrupted. Bit 14 in the flag register is called the Nested 
Task (NT) bit. It controls the function of the IRET 
instruction. If NT = 0, the IRET instruction performs the 
regular current task by popping values off the stack; when 
NT = 1, IRET performs a task switch operation back to the 
previous task. 


When a CALL, JMP, or INT instruction initiates a task 
switch, the old (except for case of JMP) and new TSS will 
be marked busy and the back link field of the new TSS set 
to the old TSS selector. The NT bit of the new task is set by 
CALL or INT initiated task switches. An interrupt that 
does not cause a task switch will clear NT. NT may also be 
set or cleared by POPF or IRET instructions. 


The task state segment is marked busy by changing the 
descriptor type field from Type 1 to Type 3. Use of a 
selector that references a busy task state segment causes 
Exception 13. 


Processor Extension Context Switching 


The context of a processor extension is not changed by 
the task switch operation. A processor extension context 
need only be changed when a different task attempts to 
use the processor extension (which still contains the con- 
text of a previous task). The 80C286 detects the first use of 
a processor extension after a task switch by causing the 
processor extension not present exception (7). The inter- 
rupt handler may then decide whether a context change is 
necessary. 


Whenever the 80C286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a proces- 
sor extension context may belong to a different task than 
the current one. The processor extension not present ex- 
ception (7) will occur when attempting to execute an ESC 
or WAIT instruction if TS = 1 and a processor extension is 
present (MP = 1 in MSW). 
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CPU 


. , RESERVED 
ClolrvPe] Base: 
SYSTEM : RADE Zt 
—@ SEGMENT 
DESCRIPTOR 
BASE;5-0 
0 . LIMIT 15-0 


TYPE DESCRIPTION 


AN AVAILABLE TASK STATE 
SEGMENT. MAY BE USED AS 

THE DESTINATION OF A TASK 
SWITCH OPERATION. 


TASK REGISTER 


A BUSY TASK STATE SEGMENT. 
CANNOT BE USED AS THE 
DESTINATION OF A TASK 
SWITCH. | 


15 0]; OFFSET 
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| + {BASE AND LIMIT FIELDS ARE VALID 
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FIGURE 19. TASK STATE SEGMENT AND TSS REGISTERS 


Pointer Testing Instructions 


The 80C286 provides several instructions to speed _ selector value refers to an appropriate segment without 
pointer testing and consistency checks for maintaining risking an exception. A condition flag (ZF) indicates 
system integrity (see Table 15). These instructions whether use of the selector or segment will cause an 
use the memory management hardware to verify that a exception. 


TABLE 15. 80C286 POINTER TEST INSTRUCTIONS 


| FUNCTION 


Adjust Requested Privilege Level: adjusts the RPL of the selector to the numeric maximum 
of current selector RPL value and the RPL value in the register. Set zero flag if selector RPL 
was Changed by ARPL. 


VERR _ VERify for Read: sets the zero flag if the segment referred to by the selector can be read. 


VERW VERify for Write: sets the zero flag if the segment referred to by the selector can be written. 
LSL Register, 

Selector 

LAR Register, 

Selector 


INSTRUCTION | OPERANDS 


ARPL Selector, 
Register 


Load Segment Limit: reads the segment limit into the register if privilege rules and descrip- 
tor type allow. Set zero flag if successful. 


_ Load Access Rights: reads the descriptor access rights byte into the register if privilege 
.rules allow. Set zero flag if successful. 
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Double Fault and Shutdown 


If two separate exceptions are detected during a single 
instruction execution, the 80C286 performs the double 
fault exception (8). If an exception occurs during 
processing of the double fault exception, the 80C286 will 
enter shutdown. During shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains in 
protected mode) or RESET (CPU exits protected mode) 
can force the 80C286 out of shutdown. Shutdown is 
externally signalled via a HALT bus operation with A4 
LOW. 


Protected Mode Initialization 


The 80C286 initially executes in real address mode after 
RESET. To allow initialization code to be placed at the top 
of physical memory, Ag3-99 will be HIGH when the 
80C286 performs memory references relative to the CS 
register until CS is changed. A23-29 will be zero for refer- 
ences to the DS, ES, or SS segments. Changing CS in real 
address mode will force Ag3-99 LOW whenever CS is 


System Interface 


The 80C286 system interface appears in two forms: a local 
bus and a system bus. The local bus consists of address, 
data, status, and control signals at the pins of the CPU.A 
system bus is any buffered version of the local bus. A 
system bus may also differ from the local bus in terms of 
coding of status and control lines and/or timing and 
loading of signals. 


Bus Interface Signals and Timing 


The 80C286 microsystems local bus interfaces the 
80C286 to local memory and I/O components. The inter- 
face has 24 address lines, 16 data lines, and 8 status and 
control signals. 


The 80C286 CPU, 82C284 clock generator, 82C288 bus 
controller, 82289 bus arbiter, 82C86H/87H tranceivers, 
and 82C82/83H latches provide a buffered and decoded 
system bus interface. The 82C284 generates the system 
clock and synchronizes READY and RESET. The 82C288 
converts bus operation status encoded by the 80C286 into 
command and bus control signals. The 82289 bus arbiter 


EXTERNAL 
PIN 


OUTPUT 
ORIVER 


INPUT 


BUFFER 


FIGURE 20A. BUS HOLD CIRCUITRY — PINS 36-51, 66, 67 


PROTECTION 
CIRCUITRY 


Multibus™ is a Registered Trademark of Intel 


used again. The initial CS:IP value of FOOO:FFFO provides 
64K bytes of code space for initialization code without 
changing CS. 


Protected mode operation requires several registers to be 
initialized. The GDT and IDT base registers must refer toa 
valid GDT and IDT. After executing the LMSW instruction 
to set PE, the 80C286 must immediately execute an intra- 
segment JMP instruction to clear the instruction queue of 
instructions decoded in real address mode. 


To force the 80C286 CPU registers to match the initial 
protected mode state assumed by software, execute a 
JMP instruction with a selector referring to the initial TSS 
used in the system. This will load the task register, local 
descriptor table register, segment registers and initial 
general register state. The TR should point at a valid TSS 
since any task switch operation involves saving the 
current task state. 


generates Multibus™ bus arbitration signals. These com- 
ponents can provide the critical timing required for most 
system bus interfaces including the Multibus. 


Bus Hold Circuitry 


To avoid high current conditions caused by floating 
inputs to CMOS devices, and to eliminate the need for 
pull-up/down resistors, “bus-hold” circuitry has been 
used on the 80C286 pins 4-6, 36-51 and 66-68 (See Figure 
20A and 20B). The circuit shown in Figure 20A will 
maintain ‘the last valid logic state if no driving source is 
present (i.e. an unconnected pin ora driving source which 
goes to a high impedance state). The circuit shown in 
Figure 20B will maintain a high impedance logic one state 
if no driving source is present. To overdrive the 
“bus-hold” circuits, an external driver must be capable of 
sinking or sourcing approximately 400 microamps at valid 
input voltage levels. Since this “bus-hold” circuitry is 
active and not a “resistive” type element, the associated 
power supply current is negligible, and power dissipation 
is significantly reduced when compared to the use of 
passive pull-up resistors. 


EXTERNAL 
PIN 


PROTECTION 
CIRCUITRY 


FIGURE 20B. BUS HOLD CIRCUITRY — PINS 4-6, 68 
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Physical Memory and I/O Interface 


A maximum of 16 megabytes of physical memory can be 
addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible as 
bytes or words. Words consist of any two consecutive 
bytes addressed with the least significant byte stored in 
the lowest address. Byte transfers occur on either half of 
the 16-bit local data bus. Even bytes are accessed over 
D7-9 while odd bytes are transferred over D45-g. Even 
addressed words are transferred over D75-9 in one bus 
cycle, while odd addressed word require two bus 
operations. The first transfers data on D75-8, and the 
second transfers data on D7-g. Both byte data transfers 
occur automatically, transparent to software. 


Two bus signals, Ag and BHE, control transfers over the 
lower and upper halves of the data bus. Even address byte 
transfers are indicated by Ag LOW and BHE HIGH. Odd 
address byte transfers are indicated by Ag HIGH and BHE 
LOW. Both Ag and BHE are LOW for even address word 
transfers. 


The 1/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or 
words, as is memory. Byte wide peripheral devices may be 
attached to either the upper or lower byte of the data bus. 
Byte-wide I/O devices attached to the upper data byte 
(D15-g) are accessed with odd I/O addresses. Devices on 
the lower data byte are accessed with even I/O addresses. 
An interrupt controller such as Harris’s 82C59A must be 
connected to the lower data byte (D7-9) for proper return 
of the interrupt vector. 


Bus Operation 


The 80C286 uses a double frequency system clock (CLK 
input) to control bus timing. All signals on the local bus 
are measured relative to the system CLK input. The CPU 
divides the system clock by 2 to produce the internal 
processor clock, which determines bus state. Each 
processor clock is composed of two system clock cycles 
named phase 1 and phase 2. The 82C284 clock generator 
output (PCLK) identifies the next phase of the processor 
clock. (See Figure 21.) 


ONE PROCESSOR CLOCK CYCLE 
ONE BUS T STATE 


PHASE 1 PHASE 2 
OF PROCESSOR —>|.«—OF PROCESSOR 
CLOCK CYCLE CLOCK CYCLE 


ONE SYSTEM 
CLK CYCLE 


FIGURE 21. SYSTEM AND PROCESSOR CLOCK 


RELATIONSHIPS 


Six types of bus operations are supported; memory read, 
memory write, I/O read, I/O write, interrupt acknowledge, 
and halt/shutdown. Data can be transferred ata maximum 
rate of one word per two processor clock cycles. 


HLDA ® NEW a4 


The 80C286 bus has three basic states: idle (T}), send 
status (Ts), ‘and perform command (Tc). The 80C286 
CPU also has a fourth local bus state called hold (Ty). Ty 
indicates that the 80C286 has surrendered control of the 
local bus to another bus master in response to a HOLD 


request. 


Each bus state is one processor clock long. Figure 22 
shows the four 80C286 local bus states and allowed 
transitions. 


HLDA 


FIGURE 22. 80C286 BUS STATES 


Bus States 


The idle (T}) state indicates that no data transfers are in 
progress or requested. The first active state Ts is signaled 
by status line Sy or Sg going LOW and identifying phase 1 
of the processor clock. During Ts, the command 
encoding, the address, and data (fora write operation) are 
available on the 80C286 output pins. The 82C288 bus 
controller decodes the status signals and generates 
Multibus compatible read/write command and _ local 
transceiver control signals. 


After Ts, the perform command (Tc) state is entered. 
Memory or !/O devices respond to the bus operation 
during Tc, either transferring read data to the CPU or 
accepting write data. Tc states may be repeated as often 
as necessary to ensure sufficient time for the memory or 
I/O device to respond. The READY signal determines 
whether Tc is repeated. A repeated Tc state is called a 
wait state. 


During hold (TW), the 80C286 will float all address, data, 
and status output drivers enabling another bus master to 
use the local bus. The 80C286 HOLD input signal is used 
to place the 80C286 into the TH state. The 80C286 HLDA 
output signal indicates that the CPU has entered Ty. 


Pipelined Addressing 


The 80C286 uses a local bus interface with pipelined 
timing to allow as much time as possible for data access. 
Pipelined timing allows a new bus operation to be initiated 
every two processor. cycles, while allowing each 
individual bus operation to last for three processor cycles. 
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Pipeling: valid address (N + 1) available in last phase of bus cycle (N). 


FIGURE 23. BASIC BUS CYCLE 


The timing of the address outputs is pipelined such that 
the address of the next bus operation becomes available 
during the current bus operation. Or, in other words, the 
first clock of the next bus operation is overlapped with the 
last clock of the current bus operation. Therefore, address 
decode and routing logic can operate in advance of the 
next bus operation. 


External address latches may hold the address stable for 
the entire bus operation, and provide additional AC and 
DC buffering. 


The 80C286 does not maintain the address of the current 
bus operation during all Tc states. Instead, the address 
for the next bus operation may be emitted during phase 2 
of any Tc. The address remains valid during phase 1 of 
_ the first TC to guarantee hold time, relative to ALE, for the 
address latch inputs. 


Bus Control Signals 


The 82C288 bus controller provides control signals; 
address latch enable (ALE), Read/Write commands, data 
transmit/receive (DT/R), and data enable (DEN) that 
control the address latches, data transceivers, write 
enable, and output enable for memory and 1/O systems. 


The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one 
system CLK period of address hold time from the end of 
the previous bus operation until the address for the next 
bus operation appears at the latch outputs. This address 
hold time is required to support Multibus and common 
memory systems. 


The data bus transceivers are controlled by 82C288 
outputs Data Enable (DEN) and Data Transmit/Receive 
(DT/R). DEN enables the data transceivers; while DT/R 
controls tranceiver direction. DEN and DT/R are timed to 
prevent bus contention between the bus master, data bus 
transceivers, and system data bus transceivers. 


Command Timing Controls 


Two system timing customization options, command 
extension and command delay, are provided on the 
80C286 local bus. 


Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 80C86. External logic can 
control the duration of any bus opération such that the 
operation is only as long as necessary. The READY input 
signal can extend any bus operation for as long as 
necessary. 


Command delay allows an increase of address or write 
data setup time to system bus command active for any bus 
operation by delaying when the system bus command 
becomes active. Command delay is. controlled by the 
82C288 CMDLY input. After Ts, the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY is 
HIGH, the 82C288 will not activate the command signal. 
When CMDLY is LOW, the 82C288 will activate the 
command signal. After the command becomes active, the 
CMDLY input is not sampled. 


When a command is delayed, the available response time 
from command active to return read data or accept write 
data is less. To customize system bus timing, an address 
decoder can determine which bus operations require 
delaying the command. The CMDLY input does not affect 
the timing of ALE, DEN or DT/R. 


Figure 24 illustrates four uses of CMDLY. Example 1 
shows delaying the read command two system CLKs for 
cycle N-1 and no delay for cycle N, and example 2 shows 
delaying the read command onesystem CLK forcycle N-1 
and one system CLK delay for cycle N. 


Bus Cycle Termination 


At maximum transfer rates, the 80C286 bus alternates 
between the status and command states. The bus status 
signals become inactive after Ts so that they may cor- 
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FIGURE 24. CMDLY CONTROLS THE LEADING EDGE OF COMMAND SIGNAL 


rectly signal the start of the next bus operation after the 
completion of the current cycle. No external indication of 
Tc exists on the 80C286 local bus. The bus master and 
bus controller enter Tc directly after Ts and continue 
executing Tc cycles until terminated by the assertion of 
READY. - 


READY Operation 


The current bus master and 82C288 bus controller 
terminate each bus operation simultaneously to achieve 
maximum bus operation bandwidth. Both are informed in 
advance by READY active (open-collector output from 
82C284) which identifies the last Tc cycle of the current 


bus operation. The bus master and bus controller must 


see the same sense of the READY signal, thereby 
requiring READY to be synchronous to the system clock. 


Synchronous Ready 


The 820284 clock generator provides READY synchroni- 
zation from both synchronous and asynchronous sources 
(see Figure 25). The synchronous ready input (SRDY) of 
the clock generator is sampled with the falling edge of 
CLK at the end of phase 1 of each Tc. The state of SRDY is 
then broadcast to the bus master and bus controller via 
the READY output line. 


Asynchronous. Ready 


Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their ready 
outputs cannot be guaranteed to meet the 82C284 SRDY 
setup and hold time requirements. But the 82C284 
asynchronous ready input (ARDY) is designed to accept 
such signals. The ARDY input is sampled at the beginning 
of each Tc cycle by 82C284 synchronization logic. This 
provides one system CLK cycle time to resolve its value 
before broadcasting it to the bus master and bus 
controller. 


ARDY or ARDYEN must be HIGH at the end of Ts. ARDY 
cannot be used to terminate the bus cycle with no wait 
states. 


Each ready input of the 82C284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may 
terminate a bus operation. These enable inputs are active 
low and have the same timing as their respective ready 
inputs. Address decode logic usually selects whether the 
current bus operation should be terminated by ARDY or 
SRDY. 
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Data Bus Control 


Figures 26, 27, and 28 show how the DT/R, DEN, data bus, 
and address signals operate for different combinations of 
read, write, and idle bus operations. DT/R goes active 
(LOW) for a read operation. DT/R remains HIGH before, 
during, and between write operations. 


The data bus is driven with write data during the second 
phase of Ts. The delay in write data timing allows the read 
data drivers, from a previous read cycle, sufficient time to 
enter three-state OFF before the 80C286 CPU begins driv- 
ing the local data bus for write operations. Write data will 
always remain valid for one system clock past the last Tc 
to provide sufficient hold time for Multibus or other similar 
memory or I/O systems. During write-read or write-idle 
sequences the data bus enters a high impedance state 
during the second phase of the processor cycle after the 
last Tc. In a write-write sequence the data bus does not 
enter a high impedance state between Tc and Ts. 


Bus Usage 


The 80C286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus 
masters, instruction fetching, processor extension data 
transfers, interrupt acknowledge, and halt/shutdown. 
This section describes local bus activities which have 
special signals or requirements. Note that I/O transfers 
take place in exactly the same manner as memory 
transfers (i.e. to the 80C286 the timing, etc. of an I/O 
transfer is identical to a memory transfer). 


HOLD and HLDA 


HOLD and HLDA allow another bus master to gain control 
of the local bus by placing the 80C286 bus into the Ty 
state. The sequence of events required to pass control 
between the 80C286 and another local bus master are 
shown in Figure 29. 


In this example, the 80C286 is initially in the Ty state as 
signaled by HLDA being active. Upon leaving Ty, as 
signaled by HLDA going inactive, a write operation is 
started. During the write operation another local bus 
master requests the local bus from the 80C286 as shown 
by the HOLD signal. After completing the write operation, 
the 80C286 performs one T| bus cycle, to guarantee write 
data hold time, then enters T}4 as signaled by HLDA going 
active. 


The CMDLY signal and ARDY ready are used to start and 
stop the write bus command, respectively. Note that 
SRDY must be inactive or disabled by SRDYEN to 
guarantee ARDY will terminate the cycle. 


HOLD must not be active during the time from the leading 
edge of RESET until 34 CLKs following the trailing edge of 
RESET unless the 80C286 is in the Halt condition. To 
ensure that the 80C286 remains in the Halt condition until 
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the processor Reset operation is complete, no interrupts 
should occur after the execution of HLT until 34 CLKs 
after the trailing edge of the RESET pulse. 


LOCK 


The CPU asserts an active lock signal during Interrupt- 
Acknowledge cycles, the XCHG instruction, and during 
some descriptor accesses. Lock is also asserted when the 
LOCK prefix is used. The LOCK prefix may be used with 
the following ASM-286 assembly instructions; MOVS, INS 
and OUTS. For bus cycles other than Interrupt- 
Acknowledge cycles, Lock will be active for the first and 
subsequent cycles of a series of cycles to be locked. Lock 
will not be shown active during the last cycle to be locked. 
For the next-to-last cycle, Lock will become inactive at the 
end of the first TC regardless of the number of wait states 
inserted. For Interrupt-Acknowledge cycles, Lock will be 
active for each cycle, and will become inactive at the end 
of the first TC for each cycle regardiess of the number of 
wait-states inserted. 


Instruction Fetching 


The 80C286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction being executed. This activity is 
called prefetching. It occurs when the local bus would 
otherwise be idle and obeys the following rules: 


A prefetch bus operation starts when at least two bytes of 
the 6-byte prefetch queue are empty. 


The prefetcher normally performs word prefetches 
independent of the byte alignment of the code segment 
base in physical memory. 


The prefetcher will perform only a byte code fetch 
operation for control transfers to an instruction beginning 
on a numerically odd physical address. 


Prefetching stops whenever a control transfer or HLT 
instruction is decoded by the IU and placed into the 
instruction queue. 


In real address mode, the prefetcher may fetch up to 6 
bytes beyond the last control transfer or HLT instruction 
in a code segment. 


In protected mode, the prefetcher will never cause a 


segment overrun exception. The prefetcher stops at the 
last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to execute 
beyond the last full instruction in the code segment. 


lf the last byte of a code segment appears on an even 
physical memory address, the prefetcher will read the 
next physical byte of memory (perform a word code 
fetch). The value of this byte is ignored and any attempt to 
execute it causes exception 13. 
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FIGURE 25. SYNCHRONOUS AND ASYNCHRONOUS READY 
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FIGURE 28. BACK TO BACK WRITE-WRITE CYCLE 
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NOTES: 


. Status lines are held at a high impedance logic one by the 80C286 during a HOLD state. 
Address, MAO and COD/INTA may start floating during any Tc depending on when internal 80C286 bus arbiter decides to release bus to external HOLD. 
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The float starts in 22 of To. 


3. BHE and LOCK may start floating after the end of any Tc depending on when internal 80C286 bus arbiter decides to release bus to extemal HOLD. The 


float starts in 91 of Tc. 
4. The minimum HOLD to HLDA time is shown. Maximum is one Ty longer. 
5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 


> 


The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine state (i.e., Interrupts, Waits, 


Lock, etc.). 


N 


Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state is ignored after 


ready is signaled via the asynchronous input. 


FIGURE 29. MULTIBUS WRITE TERMINATED BY ASYNCHRONOUS READY WITH BUS HOLD 
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Processor Extension Transfers 


The processor extension interface uses 1!/O port 
addresses 00F8(H), and OOFC(H) which are part of the |/O 
port address range reserved by Harris. An ESC instruction 
with Machine Status Word bits EM = 0 and Ts = 0 will 
perform I/O bus operations to one or more of these I/O 
port addresses independent of the value of IOPL and CPL. 


ESC instructions with memory references enable the CPU 
to accept PEREQ inputs for processor extension operand 
transfers. The CPU will determine the operand starting 
address and read/write status of the instruction. For each 
operand transfer, two or three bus operations are per- 
formed, one word transfer with I/O port address OOFA(H) 
and one or two bus operations with memory. Three bus 
operations are required for each word operand aligned on 
an odd byte address. 


Interrupt Acknowledge Sequence 


Figure 30 illustrates an interrupt acknowledge sequence 
performed by the 80C286 in response to an INTR input. 
An interrupt acknowledge sequence consists of twoINTA 
bus operations. The first allows a master 82C59A Pro- 
grammable Interrupt Controller (PIC) to determine which 
if any of its slaves should return the interrupt vector. An 
eight bit vector is read on Dg-D7 of the 80C286 during the 
second INTA bus operation to select an interrupt handler 
routine from the interrupt table. 


The Master Cascade Enable (MCE) signal of the 82C288 is 
used to enable the cascade address drivers during INTA 
bus operations (See Figure 30) onto the local adress bus 
for distribution to slave interrupt controllers via the 
system address bus. The 80C286 emits the LOCK signal 
(active LOW) during Ts of the first INTA bus operation. A 
local bus “hold” request will not be honored until the end 
of the second INTA bus operation. 


Three idle processor clocks are provided by the 80C286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out delay 
of the 82C59A. The second INTA bus operation must 
always have at least one extra Tc state added via logic 
controlling READY. Ag3-Ag are in three-state OFF until 
after the first Tc state of the second INTA bus operation. 
This prevents bus contention between the cascade 
address drivers and CPU address drivers. The extra TC 
state allows time for the 80C286 to resume driving the 
address lines for subsequent bus operations. 


Local Bus Usage Priorities 


The 80C286 local bus is shared among several internal 
units and external HOLD requests. In case of simulta- 
neous requests, their relative priorities are: 


(Highest) Any transfers .which assert LOCK either 
explicitly (via the LOCK instruction prefix) or 
implicitly (ie. some segment descriptor 
accesses, an interrupt acknowledge se- 
quence, or an XCHG with memory). 


The second of the two byte bus operations 
required for an odd aligned word operand. 


The second or third cycle of a processor 
extension data transfer. 


Local bus request via HOLD input. 


Processor extension data operand transfer via 
PEREQ input. 


Data transfer performed by EU as part of an 
instruction. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


(Lowest) An instruction prefetch request from BU. The 
EU will inhibit prefetching two processor 
clocks in advance of any data transfers to 
minimize waiting by the EU for a prefetch to 


finish. 
Halt or Shutdown Cycles 


The 80C286 externally indicates halt or shutdown 
conditions as a bus operation. These conditions occur 
due to a HLT instruction or multiple protection exceptions 
while attempting to execute one instruction. A halt or 
shutdown bus operation is signalled when Sj, So, and 
COD/INTA are LOW and M/IO is HIGH. Az HIGH 
indicates halt, and A; LOW indicates shutdown. The 
82C288 bus controller does not issue ALE, nor is READY 
required to terminate a halt or shutdown bus operation. 


During halt or shutdown, the 80C286 may service PEREQ 
or HOLD requests. A processor extension segment 
overrun during shutdown will inhibit further service of 
PEREQ. Either NMI or RESET will force the 80C286 out of 
either halt or shutdown. An INTR, if interrupts are 
enabled, or a processor extension segment overrun 
exception will also force the 80C286 out of halt. 
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NOTES: 

. Data is ignored. 

. First INTA cycle should have at least one wait state inserted to meet 82C59A minimum INTA pulse width. 

Second INTA cycle must have at least one wait state inserted since the CPU will not drive Ag3-Ag, BHE, and LOCK until after the first To state. 
The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by MCE | and address outputs. 
Without the wait state, the 80C286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 82CS9A also 
requires one wait state for minimum INTA pulse width. 

LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi-master system. LOCK is also active 
far the second INTA cycle. 

Ag3-Ag exits three-state OFF during ¢2 of the second Tc in the INTA cycle. 


on a 


> 


n 


FIGURE 30. INTERRUPT ACKNOWLEDGE SEQUENCE 
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800286 


82C 288 BUS 
CONTROLLER 


SYNC READY 
ENABLE 


{ 

| PROCESSOR 
EXTENSION 

(OPTIONAL) 


MEMORY READ 

MEMORY WRITE 

/O0 READ 

0 WRITE 

INTERRUPT ACKNOWLEDGE 


eorm—n— 4 
Se eel t- -® ADVANCED MEMORY 
——-~! DECODE F —» AND!IOCHIP SELECTS 
r—- J | (OPTIONAL) | 


L ee, | 


J | ee | 


ra) ADDRESS BUS 


CHIP SELECT 


IRg IR 


Do - D7 
82C59A 
INTERRUPT 
CONTROLLER 


FIGURE 31. BASIC 80C286 SYSTEM CONFIGURATION 


System Configurations 


The versatile bus structure of the 80C286 micro-system, 
with a full complement of support chips, allows flexible 
configuration of a wide range of systems. The basic 
configuration, shown in Figure 31, is similar to an 80C86 
maximum mode system. It includes the CPU plus an 
82C59A interrupt controller, 82C284 clock generator, and 
the 82C288 Bus Controller. The 80C86 latches (82C82 
and 82C83H) and transceivers (82C86H and 82C87H) 
may be used in an 80C286 microsystem. 


As indicated by the dashed lines in Figure 31, the ability to 
add processor extensions is an integral feature of 80C286 
based microsystems. The processor extension interface 
allows external hardware to perform special functions 
and transfer data concurrent with CPU execution of other 
instructions. Full system integrity is maintained because 
the 80C286 supervises all data transfers and instruction 
execution for the processor extension. 


An 80C286 system which includes the 80287 numeric 
processor extension (NPX) uses this interface. The 
80C286/80287 system has all the instructions and data 
types of an 80C86 or 80C88 with 8087 numeric processor 
extension. The 80287 NPX can perform numeric calcula- 


tions and data transfers concurrently with CPU program 
execution. Numerics code and data have the same 
integrity as all other information protected by the 80C286 
protection mechanism. 


The 80C286 can overlap chip select decoding and 
address propagation during the data transfer for the 
previous bus operation. This information is latched into 
the 82C82/83H’s by ALE during the middle of a Ts cycle. 
The latched chip select and address information remains 
stable during the bus operation while the next cycle’s 
address is being decoded and propagated into the 
system. Decode logic can be implemented with a high 
speed PROM or PAL. 


The optional decode logic shown in Figure 31 takes 
advantage of the overlap between address and data of the 
80C286 bus cycle to generate advanced memory and |/O- 
select signals. This minimizes system performance 
degradation caused by address propagation and decode 
delays. In addition to selecting memory and I/O, the 
advanced selects may be used with configurations 
supporting local and system buses to enable the appro- 
priate bus interface for each bus cycle. The COD/INTA 
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Vcc 
e 


82C288 BUS 
CONTROLLER 


MAO 


SYNC READY 
ENABLE 
ASYNC READY 
ENABLE 


RESET 


82C284 
CLOCK 
GENERATOR 


PROCESSOR 
EXTENSION 
(OPTIONAL) 


MULTIBUS 
BUS ARBITRATION 
a 
fo ee rancagaiie 
eS eee 
2 Sey Hi petals 
INTERRUPT ACKNOWLEDGE 
s.os 


menace ror a 
Ko 


CHIP SELECT 


=a 


SP/EN 


Oo - 07 
82C59A 
INTERRUPT 
CONTROLLER 


{Ro — IR7 


82C87H 
TRANS -— 


=. DATA BUS 


FIGURE 32. MULTIBUS SYSTEM BUS INTERFACE 


and M/IlO signals are applied to the decode logic to 
distinguish between interrupt, I/O, code, and data bus 
cycles. 


By adding the 82289 bus arbiter chip the 80C286 provides 
a Multibus system bus interface as shown in Figure 32. 
The ALE output of the 82C288 for the Multibus bus is 
connected to its CMDLY input to delay the start of 
commands one system CLK as required to meet Multibus 
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address and write data setup times. This arrangement will 
add at least one extra Tc state to each bus operation 
which uses the Multibus. 


A second 82C288 bus controller and additional latches 
and transceivers could be added to the local bus of Figure 
32. This configuration allows the 80C286 to support an 
on-board bus for local memory and peripherals, and the 
Multibus for system bus interfacing. 


Specifications 80C286 


Absolute Maximum Ratings 


Reliability Information 


Supoly Volage eax t sates pans wee es ba eVals eee eeres +B.0V Big... eee ee eee 179C/W (PGA Package), 99°C/W (PLCC Package) 

Input, Output or I/O Voltage Applied ...GND-1.0VtoVCC +1.0V Ojg......+..-. 41°C/W (PGA Package), 33°C/W (PLCC Package) 

Storage Temperature Range ............0c00- -65°C to+150°C Maximum Package Power Dissipation 

Junction Temperature ....... 0... cc cee cee eect e eens +175°C PEGG PackaG6siavuatb due staiudidetivssoi eases aes 2.2W 

Lead Temperature (Soldering, Ten Seconds) ............ +300°C PGA PaCkaOG 22 iia ei deas Boise do tes ele Se ass wa ee ote 1.22W 
Gate Count sisagsis taxed Be eiesbabtaee eee ov sakura 22,500 


CAUTION: Stresses above those listed in the Absolute Maximum Ratings may cause permanent damage to the device. This is a stress only 
rating and operation of the device at these or any other conditions above those indicated in the operations sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range 
(BOC 286910) 12) 4 take wwiw eee oes pee ews +4.5V to +5.5V 
(BOC286-16, -20,-25). 0... cece eee eee ees +4.75V to +5.25V 


Operating Temperature Range 
1I80C 286-10, -12,-16,-20 ........ cc cece ees -409C to +85°9C 
C80C286-1 2, -16, ~20, -25 2.0... cca cece eee 0°C to +70°C 


D.C. Electrical Specifications Vcc = +5V + 10%, Ta = 0°C to +70°C ~=(C80C286-12) 
Voc = +5V + 5%, Ta = OPC to +70°C + (C80C286-16, -20, -25) 
Voc = +5V + 10%, Ta = -40°C to +85°C §=(I8OC 286-10, -12) 
Vcc = +5V + 5%, Ta = -40°C to +85°9C = (I80C 286-16, -20) 


[soc [vannneren [wn [wae wre | veevconomions 

SN 

SS 
[espstowveese [= 

lOH =-2.0mA 


Output HIGH Voltage 
re 4 
ViN=GNDorVcc 
Pins 29, 31, 57, 59, 61, 63-64 
Input Sustaining Current on Vin ='GND (See Note 5) 
BUSY and ERROR Pins 


IBHL Input Sustaining Current LOW | 38 | 200 
IBHH input Sustaining Current HIGH | 50 | 


Output Leakage Current -10 pA Vo = GNDorVcc 
Pins 1, 7-8, 10-28, 32-34 


Iccop Active Power Supply Current mA 80C 286-10 (See Note 4) 
80C 286-1 2 (See Note 4) 
80C 286-16 (See Note 4) 
80C 286-20 (See Note 4) 
80C 286-25 (See Note 4) 


IccsB Standby Power Supply Current ee Ue (See Note 3) 


Capacitance (Ta = +259C; All Measurements Referenced to Device GND) 


care | cK input Capacitance | 10 | pr | resins 
[cw | oterinptGapactonce | 0 | or | 
[Gyo | vOCapactence | to Cdr 


- IBHL Should be measured after lowering Vjyy to GND and then raising to 1.0V on the following pins: 36-51, 66, 67. 

- IBHH Should be measured after raising Vix, to Voc and then lowering to 3.0V on the following pins: 4-6, 36-51, 66-68. 

- Iocsp tested with the clock stopped in phase two of the processor clock cycle. Vin = Voc or GND, Vcc = VCC (Max), outputs unloaded. 

. ICCOpP Measured at 1OMHz for the 80C286-10, 12.5MHz for the 8OC286-12, 16MHz for the 80C 286-16, 20MHz for the 80C286-20, and 
25MHzZ for the 80C286-25. Vin) = 2.4V or 0.4V, Voc = VCC (Max), outputs unloaded. 

5. Igy should be measured after raising Vjyy to Vcc and then lowering to GND on pins 53 and 54. 


a 
D 
Cc 
aaa 
imal 
© 
i) 
x 
i) 
ce} 
@ 
2) 
Cc 
fan 
= 
® 
= 
“~€ 
I 
_ 
sh] «| afb] 
— 
oO 


NOTES: 


-&$aOQnND — 
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Specifications 80C286 


A.C. Electrical Specifications Vcc =+5V + 10%, Ta = 0°C to +70°C (C80C 286-1 2), Ta = -40°C to +85°C (IB0C 286-10, -12) 
Voc = +5V + 5%, Ta = O°C to +70°C (C80C286-16), Ta = -40°C to +85°C (1I80C286-16) 
A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals 
as Illustrated in Datasheet Waveforms, Unless Otherwise Specified. 


SYMBOL PARAMETER | MIN | MAX | MIN | MAX | MIN | MAX UNIT 


Ps [senenamme Pe [Te Te p= 
(2 [emencmarcuoiowtme ff - fw ]-[7]- 
samen cecncooncitine [ve f= fs f- [a] - 
7 [amenceacuonseree [= fe t= te |= 
[ariencencuoratrne [fe {- | * | — 
ce ne 


Presomeeurras pe [fe pp 
frets ee fp 
[ie [reaveenrtne fe [= [= [= ef 


a aero Pepe PL Lae 


TIMING RESPONSES 
[x [sematieknieowy [1 [@# >i yaya] * 
ec 


a 
| he 1, (Notes 2, 3) 


TEST CONDITION 


~ 
PT [wwomnesee Pe Pe fo fs fo 

[rasavsuvataareioney [0 [7 | o | @ | o [eos | 
enon efoto f= fo 
a a 


NOTES: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 

. Delay from 1.0V on the CLK to 0.8V or 2.0V. 

. Output load: Cy = 100pF. 

. Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching 0.8V or status going inactive feaching 2.0V. 

. Delay from 1.0V on the CLK to Float (no current drive) condition. 

. Delay from 1.0V on the CLK to 0.8V for min. (HOLD time) and to 2.0V for max. (inactive delay). 

. Delay from 1.0V on the CLK to 2.0V for min. (HOLD time) and to 0.8V for max. (active delay). 

. Delay from 1.0V on the CLK to 2.0V. 


ONO nA WN 


A.C. Test Conditions 


TEST CONDITION I, (CONSTANT CURRENT SOURCE) 
[zona 


-6MA (VOH to Float) 100pF 
8mA (VoL to Float) 
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Specifications 80C286 


A.C. Electrical Specifications Voc = +5V + 5%, Ta = O°C to +70°C (C80C 286-20, -25), Ta = -40°C to +85°C (I80C 286-20) 
A.C. Timings are Referenced to the 1.5V Point of the Signals 
as Illustrated in Datasheet Waveforms, Unless Otherwise Specified. 


SYMBOL PARAMETER 


TIMING REQUIREMENTS 


a System Clock (CLK) HIGH Time 7 


1.0V to 3.6V 


= 
ao 
sea 
ae 
es 
(efreserserrtin | 
a 
i. 
ie 
me 


6) 
3 
te) 


0.8V to 2.0V 


Pe aor | Input RISE/FALL Times 


TIMING RESPONSES 


Status/PEACK Active Delay 
Status/PEACK Inactive Delay 


_ 
ié%) 


1 


12 


15 
aa ee 
[a [aieevacoeey ft 
[ef wivosevaisoaey fof 
a 
[Paonia —P 
Address Valid to Status SETUP Time po | - foi | 


NOTES: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 

. Delay from 1.0V on the CLK to 1.5V. 

. Output load: Cy = 100pF. 

. Delay measured from address reaching 1.5V to status reaching 1.5V. 

. Delay from 1.0V on the CLK to Float (no current drive) condition. 

. Delay from 1.0V on the CLK to 1.5V. 


19 


Onh @N 


A.C. Test Conditions 
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A.C. Specifications (Continued) 


4.0V 


CLK INPUT 


0.45V 


4.0V 


CLK INPUT 


0.45V 


0.4V 


DEVICE 
OUTPUT 


C80C286-12, -16 
1I80C 286-10, -12, -16 
A.C. DRIVE AND MEASURE POINTS-CLK INPUT 


tSETUP tHOLD 
OUT ard 0:0,0, 0:0: OO Oe. 
SOOO RRR RRR 
ORO EXPE KKSSS LS 
QR EK CP OPOOD 
Oa KKK KSLSSS 
COO OSSLSSCSS 
KOR 6-6-6 -6.6.6.6 
CK OOS OCU GO0,0.8, 
LRRD SRR 
AN WX x” QPP QPPOL? 
‘DELAY (Max.) 
tDELAY (Min.) 

YUMMY MUP MEELSELEECES CEV, 

ane canacaneconaconcconecenatetstonetseen’s" mia 
COPCCUCCCCCECCCCC CCC 

COO CECCOCCECECCECOCCEEOOS. 
SCEOCECOCOCCCECOCCCCCCOOOONS 
COOOCOCOOCECECOCCECOC COE IM 
SOCECECCOCECCCCOCES BSA 0.8Vv 
SRO RON 


NOTE: For A.C. testing, input rise and fall times are driven at ins per volt. 
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3.6V 


80C286 


A.C. Specifications (Continued) 


C80C286-~20, -25 


180C 286-20 
A.C. DRIVE AND MEASURE POINTS-CLK INPUT 


4.0V 


CLK INPUT 


0.45V 


4.0V 


CLK INPUT 


SY¥OSS3900ud 


“OYSIN SOWD 


> 
ww 
<, 
(—] 


NOTES: 1. Typical Output Rise/Fall Time is 6ns. 


2. For A.C. testing, input rise and fall times are driven at 1ns per volts. 
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Specifications 80C286 


A.C. Electrical Specifications (Continued) 82C284 and 82C288 Timing Specifications are given for reference only and no 
guarantee is implied. 


82C284 TIMING 


| tome | tzsMie | t6MHe 
SYMBOL PARAMETER | MIN | MAX | MIN | MAX | MIN. | MAX | UNIT | TEST CONDITION 
TIMING REQUIREMENTS - 
Cn [aorammeanre —Te[-]e]-pe,-[=] 
ie [soraroweinnere [a [-fet-[) [t=] 
8 aeornereteatne fe |p [- t=] = [em 
ie [mvanorennscrne = =p p pet f« fon 


TIMING RESPONSES 


— eee eee 


82C288 TIMING 


| tome [125m | teMHe 
SYMBOL PARAMETER | Min | MAX | MIN | MAX | MIN | MAX UNIT | TEST CONDITION 
TIMING REQUIREMENTS 

(2 [omvenetm Te] -]*]-]*[-[ =] 

me Penoornaeree a fo 
TIMING RESPONSES : 7 


cs 
= 
Pe 
[ae | eenecnciedsiy | 
[at [eethaciwoaey | 
[a] or teethactobeey | 
[as [ene scietay f= 
= : ime 
ae [omen a 
= e 


DEN Write Inactive Delay 
Command Active Delay from CLK 
Command Inactive Delay from CLK 


NOTE 1. These times are given for testing purposes to ensure a predetermined action. 


Ci = 300pF 
lo” = 32mA Max 


nN N nN nm 


— ojo; — © 
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Waveforms 
READ CYCLE WRITE CYCLE 
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ 


WAIT re S WAIT cial (Tj OR Ts) 


7 : lili 


ee tll ctl intaheleo a 


m/i0, COD INTA 
(13) 


BHE, Lock W/L NALD CONTROL D 


BUS CYCLE TYPE 


S1¢S0 


800286 


+5) an ee ah ae 


Dieshg Peete ses eeere ee ae: aeanI 
: sae 
READY WOON LLL B NO ULLAL 


@) 
SRDY + SRDYEN memes blondes YUM 


tt chist | 

) 
arpy + ARDYEN CLL ROS III) 
A ir 

PCLK 

pe TR 
ALE e 

® | ®) ® 


© a Or [2 z 

CMDLY QQ WHILE \ WLU, 

= an -@ o= 

MWTC | + i 
~ +L 

DT/R 


api 


82C284 


Z 


82C288 


DEN 


MAJOR CYCLE TIMING 


NOTE: 1. The modified timing is due to the CMDLY signal being active. 
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Waveforms (Continued) 


Oh hoa ; 80C286 RESET INPUT TIMING AND 
80C286 ASYNCHRONOUS INPUT SIGNAL TIMING | SUBSEQUENT PROCESSOR CYCLE PHASE 


BUS CYCLE TYPE 
CLK 
PCLK 


(SEE NOTE 1) 


INTR, NMI 
HOLD, PEREQ 
(SEE NOTE 2) 


(SEE NOTE 1) 


ERROR, BUSY 


(SEE NOTE 2) RESET 


NOTES: NOTE: 


1. PCLK indicates which processor cycle phase will occur on the next When RESET meets the setup time shown, the next CLK will start or repeat 
CLK. PCLK may not indicate the correct phase until the first cycle is 2 of a processor cycle. 
performed. 


2. These inputs are asynchronous. The setup and hold times shown 
assure recognition for testing purposes. 


EXITING AND ENTERING HOLD 


BUS CYCLE TYPE Ts ORT; 1 tH 

VcH 

CLK 
Vet 
HLDA 
(SEE NOTE 4) 
= hae (2A) (note 3) 
3 | 
7 ee =H KIF Ts | | ek i 
t--] , 
- PEACK --~—~— am ape aan Sa | pen el (ac Raed MNO eee en CON EAR Eee 
IF NPX TRANSFER 
BHE, LOCK (5) 
23 - Aa, (SEE NOTE 5) 
hy ENOTES) <>) 
COD/INTA (SEE NOTE 2) 
(SEE NOTE 6) | | 
D15-09 ------~--------------~-=- RK >>>, matateteteteetetetetetatetatetene -- 
VALID 

a IF WRITE | 
= 
8 | PCLK / \ / \ a Soe 
& i 


NOTES: 
. These signals may not be driven by the 80C286 during the time shown. The worst case in terms of latest float time is shown. 
. The data bus will be driven as shown if the last cycle before T, in the diagram was a write Tc. 


1 
2 
3. The 80C286 puts its status pins in a high impedance logic one state during Ty. 
4. For HOLD request set up to HLDA, refer to Figure 29. 
5 
6 


. BHE and LOCK are driven at this time but will not become valid until Ts. 
. The data bus will remain in a high impedance state if a read cycle is performed. 
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Waveforms (Continued) 


80C286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 


BUS CYCLE TYPE : ; 1 
Ven | 02 or 5 02 LO ¢2 01 TS g2 61 TC gp aU 
CLK 
VeL 1/0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 
Se G aeeny READ IF MEMORY TO PROC. wally Ao WRITE IF MEMORY TO PROC. EXT. 
1¢ SO 


MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER |/0 PORT 
A23- Ao ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER 


wid, copinta —AA} dt dN IX OX) 


(2A) (28) CT 1/0 PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
rack ees ie MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 

(SEE NOTE - 2) a) G) 
PER EO a LILLE. 


ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80C286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 


NOTES: 
1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation will be either 
a memory read at operand address or |/O read at port address QOFA(H). 


2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is 3 x @- 12Amax. - Omin.. The actual, 
configuration dependent, maximum time is: 3 x @- 12Amax. -@min. + Nx 2x @. Nis the number of extra Tc states added to either the first or second 
bus operation of the processor extension data operand transfer sequence. 


INITIAL 80C286 PIN STATE DURING RESET 


BUS CYCLE TYPE 
Tx Tx Tx 4 
VcH ¢2 ¢1 ¢2 ¢1 02 ¢1 $2 ot o2 
CLK 
Peewee SO eget Fo 
i Sy //;, Si <7) ey | 
16 CLK PERIODS 
Si © SO a eee) 
an UNKNOWN ae es " 
A23 ~ Ao : as 
wie UNKNOWN ieee amen Ha 
M/i0. @®) 
a KNOW sealer Dacor aE? 
COD/INTA pda feria 
@ ~ gas 
LOCK UNKNOWN | rrrti—‘“‘(‘isCS 


© 
ETT WB)))))99999999999999999)0999999999999999!9999)9999)))999))))))))))))))) ae 


HLDA UNKNOWN 
Sea ae) 


NOTES: 


1. Setup time for RESET | may be violated with the consideration that $1 of the processor ciock may begin one system CLK period later. 


2. Setup and hold times for RESET | must be met for proper operation, but RESET } may occur during #1 or ¢2. 
3. The data bus is only guaranteed to be in a high impedance state at the time shown. 
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OPCODE 


BYTE 1 
76543 2107 6 


A. SHORT OPCODE FORMAT EXAMPLE 


BYTE 1 BYTE 2 BYTE 3 
765 43 23107 6 5 4 «3 


REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 


REGISTER OPERAND‘EXTENSION OF OPCODE 
REGISTER MODE; MEMORY MODE WITH DISPLACEMENT LENGTH 


~ WORD’/BYTE OPERATION 
DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 


‘OPERATION (INSTRUCTION) CODE 


B. LONG OPCODE FORMAT EXAMPLE 


FIGURE 33. 800286 INSTRUCTION FORMAT EXAMPLES 


80C286 Instruction Set Summary 
Instruction Timing Notes 


The instruction clock counts listed below establish the 
maximum execution rate of the 80C286. With no delays in 
bus cycles, the actual clock count of an 80C286 program 
will average 5% more than the calculated clock count, due 
to instruction sequences which execute faster than they 
can be fetched from memory. 


To calculate elapsed times for instruction sequences, 
multiply the sum of all instruction clock counts, as listed 
in the table below, by the processor clock period. An 
12.5MHz processor clock has a clock period of 80 
nanoseconds and requires an 80C286 system clock (CLK 
input) of 25MHz. 


Instruction Clock Count Assumptions 


1. 
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The instruction has been prefetched, decoded and is 
ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 
prepare the next instruction for execution. 


. Bus cycles do not require wait states. 


. There are no processor extension data transfer or local 


bus HOLD requests. 


. No exceptions occur during instruction execution. 


80C286 


instruction Set Summary Notes 

Addressing displacements selected by the MOD field are 
not shown. If necessary they appear after the instruction 
fields shown. 

Above/below refers to unsigned value 

Greater refers to more positive signed values 

Less refers to less positive (more negative) signed values 


if d = 1, then “to” register; if d =0 then “from” register 


if w = 1, then word instruction; if w = 0, then byte 
instruction 


ifs =0, then 16-bit immediate data form the operand 


if s = 1 then an immediate data byte is sign-extended to 
form the 16-bit operand 


x don’t care 


z used for string primitives for comparison with ZF 
FLAG 


If two clock counts are given, the smaller refers to a 
register Operand and the larger refers to a memory 
operand 


* 


= add one clock if offset calculation requires summing 
3 elements 


n= number of times repeated 

m = number of bytes of code in next instruction 

Level (L)—Lexical nesting level of the procedure 

The following comments describe possible exceptions, 

side effects and allowed usage for instructions in both 

operating modes of the 80C286. 

Real Address Mode Only 

1. This is a protected mode instruction. Attempted 
execution in real address mode will result in an 


undefined opcode exception (6). 


2. A segment overrun exception (13) will occur if a word 
operand reference at offset FFFF(H) is attempted. 


3. This instruction may be executed in real address mode 
to initialize the CPU for protected mode. 


4. The IOPL and NT fields will remain 0. 


5. Processor extension segment overrun interrupt (9) will 
occur if the operand exceeds the segment limit. 


Either Mode 


6. An exception may occur, depending on the value of 
the operand. 


7. LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction prefix. 


8. LOCK does not reamain active between all operand 
transfers. 


Protected Virtual Address Mode Only 


9. A general protection exception (13) will occur if the 
memory operand cannot be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 


10. For segment load operations, the CPL, RPL and DPL 
must agree with privilege rules to avoid an exception. 
The segment must be present to avoid a not-present 
exception (11). If the SS register is the destination 
and a segment not-present violation occurs, a stack 
exception (12) occurs. 


11. All segment descriptor accesses in the GDT or LDT 
made by this instruction will automatically assert 


LOCK to maintain descriptor integrity in multiproces- 


sor systems. 


12. JMP, CALL, INT, RET, IRET instructions referring to 
another code segment will cause a general protection 
exception (13) if any privilege rule is violated. 


13. A general protection exception (13) occurs if CPL #0. 


14. A general protection exception (13) occurs if CPL > 
1OPL. 


15. The IF field of the flag word is not updated if CPL > 
IOPL. The IOPL field is updated only if CPL = 0. 


16. Any violation of privilege rules as applied to the 
selector operand does not cause a protection 
exception; rather, the instruction does not return a 
result and the zero flag is cleared. 


17. lf the starting address of the memory operand 
violates a segment limit, or an invalid access is 
attempted, a general protection exception (13) will 
occur before the ESC instruction is executed. Astack 
segment overrun exception (12) will occur if the stack 
limit is violated by the operand’s starting address. Ifa 
segment limit is violated during an attempted data 
transfer then a processor extension segment overrun 
exception (9) occurs. 


18. The destination of an INT, JMP, CALL, RET or JRET 
instruction must be in the defined limit of a code 
segment or a general protection exception (13) will 
occur. 
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80C286 


80C286 Instruction Set Summary 


CLOCK COUNT | COMMENTS 


Protected 
Virtual 
Address 


FORMAT 


DATA TRANSFER 

OV = Move: 
Register to Register/Memory 1000100w 
Register/memory to register 1000101w 


mmediate to register/memory 1100011Ww data 
mmediate to register 1 4011w reg data 

iemory to accumulator 1010000w 
Accumulator to memory 1010001w addr-high 


Register/memory to segment register 10001110 | modOreg r/m 


Segment register to register/memory 10001100 | modOreg r/m 


PUSH = Push: 
lamory 11111111 | mod110 r/m 
Register 01010 reg 


Segment register 000reg110 


POP = Pop: 


lemory 10001111 |mod000 r/m 
Register 01011 reg 
000reg111 


9 


| 


9 


Segment register (reg#01) 


9,10,11 


XCHG = Exhcange: 

Register/memory with register os 1000011w|modreg = r/m 

Register with accumulator 10010 reg 

N= Input from: 
ixed port 
ariable port 1110110w 

OUT = Output to: 
ixed port 


ariable port 


XLAT = Translate byte to AL 


= Load EA to register | 10001101 


DS = Load pointer to DS 11000101 (mod# 11) 9,10,11 
ES = Load pointer to ES 11000100 (mod¥ 1) 9,10,11 


Shaded areas indicate instructions not available in 80C86/88 microsystems. 
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80C286 Instruction Set Summary (Continued) 


FORMAT 


DATA TRANSFER (Continued) 
AHF Load AH with flags 10011111 
SAHF = Store AH into flags 10011110 


PUSHF = Push flags 10011100 


POPF = Pop flags 10011101 


000000dw | modreg r/m 


mod000 r/m data data ifsw = 01 
data data if w= 1 


mmediate to register/memory 100000sw 
mmediate to accumulator 0000010w 


ADC = Add with carry: 


eg/memory with register to either 000100dw | modreg r/m 


data data ifs w = 01 


data data if w= 1 


mmediate to register/memory 100000sw | mod010 r/m 


mmediate to accumulator 0001010WwW 


NC = Increment: 


egister/memory 1111111w | mod000 r/m 


CMOS MICRO- 
PROCESSORS 


egister 01000reg 


SUB = Subtract: 


eg/memory and register to either 001010dw | modreg r/m 


mod 101 r/m | data. — | dataitsw = 01 
data 


mmediate from register/memory 100000sw 
mmediate from accumulator 0010110w 


SBB = Subtract with borrow: 


eg/memory and register to either 000110dw | modreg r/m 


mmediate from register/memory 100000Ssw /} mod011 r/m data if sw=01 


mmediate from accumulator 0001110w data data if w= 1 


DEC = Decrement 


111111414w |mod001 = r/m 


01001 reg 


egister/memory with register 0011101w |modreg r/m 


egister with register/ memory 0011100w |mod reg r/m 


mmediate with register/ memory 100000sw |mod111 = r/m data data ifsw=01 


mmediate with accumulator 0011110WwW data data if w= 1 


EG = Change sign 1111011w |mod011 = r/m 


AAA = ASCII adjust for add 00110111 


DAA = Decimal adjust for add 00100111 
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80C286 Instruction Set Summary (Continued) 


CLOCK COUNT | COMMENTS 


FORMAT 


RITHMETIC (Continued) 
S = ASCII adjust for subtract 


DAS = Decimal adjust for subtract 00101111 


UL = Multiply (unsigned): mod100 r/m 


Register-Byte 
Register-Word 
emory-Byte 
Aemory-Word 


mod101  r/m 


MUL = Integer multiply (signed): 


Register-Byte 
Register-Word 
emory-Byte 

lemory-Word 


DIV = Divide (unsigned) mod 110 r/m 


Register-Byte 
Register-Word 
emory-Byte 
emory-Word 


DIV = Integer divide (signed) 1111011w 


Register-Byte 
Register-Word 
emory-Byte 

jemory-Word 


AAM = ASCIl adjust for multiply 11010100 | 00001010 
AAD = ASCIl adjust for divide 11010101 | 00001010 


BW = Convert byte to word 10011000 


WD = Convert word to double word 10011001 


ie 


OGIC 
Shift/Rotate instructions: 
Register/Memory by 1 1101000w |modTTIT~ f/m 
[1101001 [mod TIT _e/m 


Register/Memory by CL 


TTT instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 


Shaded areas indicate instructions not available in 80C86/88 microsystems. 
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80C286 Instruction Set Summary (Continued) 


CLOCKCOUNT | COMMENTS | 
UNCTION FORMAT Real 
Address 
Mode 


RITHMETIC (Continued) 


ND = And: 
Reg/memory and register to either 
mediate to register/memor 
mmediate to accumulator 


ST = And function to flags, no result: 


Register/memory and register 1000010w | modreg r/m 


f1111011w| mod000 r/m| data 
mmediate data and accumulator 1010100Ww data data if w= 1 


mmediate data and register/memory 


OR = Or: 


Reg/memory and register to either 000010dw 


mmediate to register memory 1000000w | mod001 r/m data data if w=1 


CMOS MICRO- 
PROCESSORS 


mmediate to accumulator 0000110w data data if w= 1 
XOR = Exclusive or: 


Reg/memory and register to either 001100dw | modreg r/m 


mmediate to register/memory 1000000w | mod110 r/m data data if w = 1 


mmediate to accumulator 0011010w data data ifw = 1 


010 r/m 


z 


OT = Invert register/memory 
STRING MANIPULATION: 

OVS = Move byte/word 1010010w 

MPS = Compare byte/word 
> AS = Scan byte/word 


ODS = Load byte/wd to AL/AX 


STOS = Stor byte/wd from AL/A 


Repeated by count in CX 


1010010w 


OV = Move string 
MPS = Compare string 
BCAS = Scan string 


ODS = Load string 11110011 


STOS = Store string 


By en tyler yin) pit 


Shaded areas indicate instructions not available in 80C86/88 microsystems. 
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80C286 Instruction Set Summary (Continued) 


FORMAT 


ONTROL TRANSFER 
ALL =Call: 


Direct within segment 7+m 


Register/memory 
indirect within segment 


7 +m, 11+m* 


10011010 


Direct intersegment 


segment offset 


Protected Mode Only (Direct intersegment): segment selector 
Via call gate to same privilege level 

Via call gate to different privilege level, no parameters 

Via call gate to different privilege level, x parameters 

Via TSS 


Via task gate 


Indirect intersegment 


11111114 |mod011 = &r/m 


(mod# 11). . 


Protected Mode Only (indirect intersegment): 

Via call gate to same privilege level 

Via call gate to different privilege level, no parameters 
Via call gate to different privilege level, x parameters 
Via TSS 

Via task gate 

JMP = Unconditional jump: 


Short/long 7+m 


disp-high 


Direct within segment 7+m 


7 +m,11+m°* 


Direct intersegment 11+m 


Protected Mode Only (Direct intersegment): . 
Via call gate to same privilege level 

Via TSS 

Via task gate 


11111111 |mod101 = r/m 


Protected Mode Only (Indirect intersegment): 
Via call gate to same privilege level 

Via TSS 

Via task gate 

RET = Return from CALL: 


Indirect intersegment (mod# 11) 


intersegment adding immediate to SP 


Protected Mode Only (RET): 
To different privilege level 


3-100 


Protected 
Virtual 
Address 
Mode 


7+m 


7+m, 11+m* 


26+m 


41+m 
82+m 
86 +4x+m 
177+m 
182+m 


29+m* 

44+m* 

83 +m* 
90+ 4x +m° 


180+ m°* 
185+ m* 


7+m 


7+m 


7+m,11+m* | 


23+m 


38+m 
175+m 
180+m 


26+ m* 


41+m* 
178+m* 
183+m°* 


11+m 


1i+m 


25+m 


55+m 


Real 
Address 
Mode 


cLockcount ___|__—COMMENTS 


Protected 
Virtual 

_ Address 

Mode 


11,12,18 


8,11,12,18 
8,11,12,18 
8,11,12,18 
8,11,12,18 
8,11,12,18 


8,9,11,12,18 


8,9,11,12,18 
8,9,11,12,18 
8,9,11,12,18 
8,9,11,12,18 
8,9,11,12,18 


18 
18 
9,18 


11,12,18 


8,11,12,18 
8,11,12,18 
8,11,12,18 


8,9,11,12,18 
8,9,11,12,18 


8,9,11,12,18 
8,9,11,12,18 


8,9,18 
8,9,18 
8,9,11,12,18 


8,9,11,12,18 


9,11,12,18 


80C286 


80C286 Instruction Set Summary (Continued) 


FORMAT 


CONTROL TRANSFER (Continued) 


JE/JZ= Jump on equal zero 01110100 7+mor3 7+mor3 


JL/JNGE = Jump on less/not greater or equal 01111100 7+mor3 7+mor3 


JLE/JNG = Jump on less or equal/not greater 7+mor3 7+mor3 


i 


JB/JNAE = Jump on below/not above or equal 01110010 7+mor3 7+mor3 


JBE/JNA= Jump on below or equal/not above 01110110 7+mor3 7+mor3 


JP/JPE = Jump on parity/parity even 7+mor3 7+mor3 


JO = Jump on overflow 01110000 7+mor3 7+mor3 


7+ mor3 7+mor3 


JS = Jump on sign 01111000 
JNE/JNZ= Jump on not equal/not zero 01110101 7+mor3 7+mor3 


JNL/JGE = Jump on not less/greater or equal 01111101 7+mor3 7+mor3 


JNLE/JG = Jump on not less or equal/greater 01111111 7+mor3 7+mor3 


JNB/JAE = Jump on not below/above or equal 7+mor3 7+mor3 


JNBE/JA= Jump on not below or equal/above 01110111 7+mor3 7+mor3 


JNP/JPO = Jump on not par/par odd 01111011 7+mor3 7+mor3 


CMOS MICRO- 
PROCESSORS 


JNO = Jump on not overflow 01110001 7+mor3 7+mor3 


JNS = Jump on not sign 01111001 7+mor3 7+mor3 


LOOP = Loop CX times 11100010 8 +mor4 8+mor4 


LOOPZ/LOOPE = Loop while zero/equal 11100001 8+mor4 8+mor4 


LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 8+mor4 8+mor4 


JCXZ = Jump on CX zero 11100011 8+mor4 8+mor4 


| 


23+m 


11001100 23+m 


INTO = interrupt on overflow 24+mor3 
(3 if no (3 if no 
interrupt) interrupt) 


Shaded areas indicate instructions not available in 80C86/88 microsystems. 
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0C286 Instruction Set Summary (Continued) 


CLOCK COUNT 


FORMAT 


ONTROL TRANSFER (Continued) 
Protected Mode Only: 


Via interrupt or trap gate to same privilege level 7,8,11,12,18 

Via interrupt or trap gate to fit different privilege level 7,8,11,12,18 

Via Task Gate 7,8,11,12,18 
RET = Interrupt return 8,9,11,12,15,18 
Protected Mode Only: 

To different privilege level 8,9,11,12,15,18 

To different task (NT = 1) 8,9,11,12,18 


PROCESSOR CONTROL 


LC =Clear carry 11111000 

MC = Complement carry 
STC = Set carry 

LD= Clear direction 


STD = Set direction 


Li = Clear interrupt 
STI = Set interrupt 
LT =Halt 


AIT = Wait 


OCK = Bus lock prefix 11110000 


# i 


i BB i i 
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80C286 Instruction Set Summary (Continued) 


FUNCTION FORMAT 


o i i is "i ] Wan hin ha Wiha 


bi hi Pe Lo be 
Povalbvdbcbraedledie usd 


LJ 
Apa tbhitnt 


CHT 
be 


hn 


datiih ti 
pty 


HE ik 


i 
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ti LO ‘ 4, ‘ } f J A He i 
HH ee iene onptottlidlrd Dilolbtndiintte Hh Ht Hi 
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ly 
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rn a 
fl baht bn 


Linnie 
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H 
fi 
HH fis 


f fi 
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HET PS POSTE 


Han 


ttt tf i ” 
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Shaded areas indicate instructions not available in 80C86/88 microsystems. 
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vOL-€ 


Paleurarcerecersats Err eecreyetorire! 


ADD ADD ADD ADD ADD ADD | PUSH OR OR OR OR PUSH PVAM n 
b,f,r/m w,f.r/m | b,tr/m | w,tr/m b,ia w,ia ES b,f,r/m | w,f,r/m | b,t,r/m | w,tr/m cs 


AND AND AND AND AND AND DAA SUB SUB SUB SUB SUB SEG -| DA 
b,f,r/m w,f,r/m | b,t,r/m f w,t.r/m b,ia w,ia b,f,r/m | w,f,r/m | b,t.r/m | w,t,r/m b,i w,t =CS 

XOR XOR XOR XOR XOR XOR AAA CMP CMP CMP CMP CMP CMP AAS 
b,f,r/m w,f,r/m | b,t.r/m | w,t,r/m b,ia w,ia b,f,r/m | w,f,r/m | b,t,r/m | w,t,r/m bi fo ow, 

INC INC INC INC INC INC INC INC DEC DEC DEC DEC DEC DEC DEC DEC 
A CX DX BX SP BP Si DI AX CX DX BX SP BP S| Di 
PUSH PUSH PUSH | PUSH | PUSH | PUSH | PUSH PUSH POP POP POP POP POP POP POP 
A CX DX BX SP BP Sl Di AX CX DX BX SP BP DI 

PUSHA POPA |} BOUND] ARPL PUSH |} IMUL | PUSH] IMUL INSW | OUTSBJOUTSW 

wi pwitr/m,if bi bt r/m,i . : : 
7 JO JNO JB/ JNB/ JE/ JNE/ JBE/ | JNBE/ JS JP/ JNP/ |}. JL/ JNL/ JLE/ JNLE/ 
JNAE JAE JZ JNZ JNA JA JPE JPO JNGE JGE | JNG JG 


x 
4 
XCHG XCHG | XCHG | XCHG | XCHG] XCHG | XCHG | XCHG | CBW CWD | CALL | WAIT |PUSHF | POPF | SAHF | LAHF 
AX CX DX BX SP BP Si Di i,d 

MOV MOV MOV MOV IMOVSBIMOVSWICMPSB ICMPSW] TEST | TEST | STOSB;}STOSW{LODSB [LODSW SCASB|SCASW 
m-AL m-AX AL-m AX-m b,i,a w,ia . 

MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV 
i-AL i-CL i-DL i-BL i-AH i-CH i-DH i-BH i-AX i-CX i-DX i-BX i-SP i-BP i-S! i-Dl 
Shift Shift RET RET LES 
b,j W, (i#SP) 
Shift Shift Shift Shift AAM 
b w b,CL b,CL 

HLT 


roa 


AA XLAT | ESC | ESC | ESC | ESC | ESC | ESC | ESC | ESC 
0 1 2 3 4 5 6 7 
OUT | OUT | CALL] JMP | JMP | JMP IN IN OUT | OUT 
b w d d id sid | DX.b | DXw] DXb | DXw 
Grp 1] Grp1 | CLC | STC | CLI ST! | CLD | STD | Grp2 | Grp2 
b,r/m | wyr/m b,r/m [ wyr/m 


OOPNZ/}| LOOPZ/}| LOOP | JCXZ 
LOOPNE | LOOPE 


LOS MOV |, MOV |JENTER] LEAVE] RET RET INT INT INTO | IRET 
b,i.r/m | w,i,r/m 1,(i+SP) | Type 3] (any) 
D 


ADC ADC ADC ADC ADC ADC PUSH SBB SBB SBB SBB SBB SBB PUSH POP 
b,f,r/m w,f,r/m | b,t.r/m | w,t,r/m b,ia w,ia ss b,f,r/m | w,f,r/m | b,t,r/m | w,tr/m b,i w,i DS DS 
SUB S 


JNS 
Immed Immed | Immed | tmmed | TEST | TEST | XCHG | XCHG | MOV MOV MOV MOV MOV LEA MOV POP 
b,r/m w,r/m b,r/m is,r/m b,r/m w,r/m b,r/m | wyr/m | b,f,r/m | w,f,r/m | b,t,r/m | w,t.r/m [sr,f,r/m sr,t,r/m r/m 


Xe BHulpoouz uonognasus eulyzIep/ 9EZIO8 


987908 
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80C286 Machine Instruction Encoding Matrix (Continued) 


where: 


CALL Ba JMP 
id lid 


sid 
SLDT — LLDT | UTR | VERR VERW 
SGDT SIDT LGDT LIDT SMSW 


b = byte operation 

d = direct 

f = from CPU reg 

i = immediate 

ia = immediate to AX 

id = indirect 

is = immediate byte sign extension 
| = long ie. intersegment 

n = 2nd. byte of PVAM instruction 


Footnotes 


The Effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 


if mod = 11 then r/m is treated as a REG field 
if mod = 00 then DISP = 0*, disp-low and disp-high are absent 


if mod = 01 then DISP = disp-low sign extended to 16 bits, disp- 
high is absent 


if mod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (DI) + DISP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (DI) + DISP 
if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (DI) + DISP 

if r/m = 110 then EA + (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data is 
required) 


* except if mod = 00 and r/m = 110 then EQ = disp-high: 
disp-low. 


m = memory 
r/m = EA is second byte 
si = short intrasegment 
sr = segment register 

t = to CPU register 

v = variable 

w = word operation 

z= zero 


Segment Override Prefix 


001reg 110 


reg is assigned according to the following: 


REG SEGMENT REGISTER 
00 ES 
01 CS 
10 SS 
11 DS 


REG is assigned according to the following table: 


16-BIT (w = 1) 8-BIT (w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 S| 110 DH 
111 DI 114 BH 


The physical addresses of all operands addressed by the 
BP register are computed using the SS segment register. 
The physical addresses of the destination operands of the 
string primitive operations (those addressed by the DI 
register) are computed using the ES segment, which may 
not be overridden. 
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BHARRIS §80C286/883 


High Performance Microprocessor 


January 1992 > ‘With Memory Management and Protection 
Features | . _ Pin Configurations 
¢ This Circuit is Processed in Accordance to Mil-Std-883 and is Fully COMPONENT PAD VIEWS 
Conformant Under the Provisions of Paragraph 1.2.1. As viewed from underside of the component 


when mounted on the board. 


¢ Compatible with NMOS 80286/883 


¢ 10MHz Operation (80C286-10/883) Fess ae bbs 
¢ 12.5MHz Operation (80C286-12/883) _ - ssseseasl 
e Static CMOS Design for Low Power Operation oo 
> ICCSB = 5MA Maximum ee igen 
> ICCOP = 185mA Maximum (80C286-10/883) eee, ill aa iat si 
> ICCOP = 220mA Maximum (80C286-12/883) esa == Saas 
e Large Address Space: a7 as | G8) @) READY Voc 
>» 16 Megabytes Physical a ae 5 a oe 
> 1 Gigabyte Virtual per Task _ Ag a f5 mt tae 


e Integrated Memory Management, Four-Level Memory Protection 
and Support for Virtual Memory and Operating Systems 


PIN 1 INDICATOR 


$i 


SO PEACK 


¢ Two 80C86 Upward Compatible Operating Modes: 
>» 80C286/883 Real Address Mode 


> Protected Virtual Address Mode ~ P.C. BOARD VIEWS 
As viewed from the component side of the 
P.C. board. 


Al4 
A16 
Ais 
A20 
Vss 
A23 

NC 
BHE 


e Compatible with 80287 Numeric Data Co-processor 
¢ Available in 68 Pin PGA (Pin Grid Array) Package 


¢ Wide Operating Temperature Range ........... -559C to +1259C 
Description © O@®Q@O@OHOAO® 

| tsi Nc ERROR | OA OOOOOMOO®™ 
The Harris 80C286/883 is a static CMOS version of the NMOS 80286 i @@ 
microprocessor. The 80C286/883 is an advanced, high-performance eh es 
microprocessor with specially optimized capabilities for multiple user and Vsg_ PEREG Qe. 
multi-tasking systems. The 80C286/883 has built-in memory protection Voc READY 
that supports operating system and task isolation as well as program and pre itas @@ 
data privacy within tasks. The 80C286/883 includes memory management |“  "" 
capabilities that map 230 (one gigabyte) of virtual address space per task ) 


into 224 bytes (16 megabytes) of physical memory. 


PIN 1 INDICATOR 


A22 
A21 
A19 
Al7 
Als 
A12 


SO PEACK 


The 80C286/883 is upwardly compatible with 80C86 and 80C88 software 

(the 80C286/883 instruction set is a superset of the 80C86/80C88 ~ | 
instruction set). Using the 80C286/883 real address mode, the 80C286/ 

883 is object code compatible with existing 80C86 and 80C88 software. In 

protected virtual address mode, the 80C 286/883 is source code compati- 

ble with 80C86 and 80C88 software but may require upgrading to use 

virtual address as supported by the 80C286/883’s integrated memory 

management and protection mechanism. Both modes operate at full 

80C 286/883 performance and execute a superset of the 80C86 and 

80C88 instructions. 


BHE 

NC 
A23 
Vss 
A20 
A18 
A16 
Al4é 


The 80C286/883 provides special operations to support the efficient 
implementation and execution of operating systems. For example, one 
instruction can end execution of one task, save its state, switch to a new 
task, load its state, and start execution of the new task. The segment- -not- 
present exception and restartable instructions. 


Copyright © Harris Corporation 1992 , | File Number 2948 
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Specifications 80C286/883 


Absolute Maximum Ratings Reliability Information 

SUDAIV VONAGO nis ioads Ai er wel oak eine biweeeaeaaee TEOV Vics scat ys vabaug as eden gawe saps es 17°C/W (PGA Package) 
Input, Output or I/O Voltage Applied ....GND-1.0Vto VCC +1.0V  Ojig i... cece eee eee e nett e eee ee eens 41°C/W (PGA Package) 
Storage Temperature Range ................. -65°C to+150°9C Maximum Package Power Dissipation..............20506: 1.22W 
Junction Temperature ..... 0... ccc ccc cece cece ten eees +1759C = Typical Derating Factor........... 17mA/MHz Increase in ICCOP 
Lead Temperature (Soldering, 10 Seconds) ............. +3009C-. Gate Count nsssc25. cases te dence cans duvkees ewes 22,500 Gates 
ESD: Classification osc ccucavceddao esate dota ea eaes Mawes 8 Class 1 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and oper- 
ation of the deviice at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Operating Conditions 


Operating Voltage Range ......... ccc cece ee eeee +4.5V to +5.5V = Input RISE/FALL Time (From 0.8V to 2.0V) 
Operating Temperature Range ............... ~55°C to +1259C BS0C2E6-10/S8S eicicek bi ecs eb esa ee baleta aha wens 10ns (Max) 
System Clock (CLK) RISE Time (From 1.0V to 3.6V) ..... 8ns (Max) S0G286-12/88S> xiii da owed aaa eee ieat ae eneee ees 8ns (Max) 


System Clock (CLK) FALL Time (From 3.6V to 1.0V)..... 8ns (Max) 


TABLE 1. 80C286/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 
GROUP A 


ee 
PARAMETER SYMBOL COnein ONS SUBGROUPS TEMPERATURE 


frentowvenge | va [wore | una [omoataaviane 
iareanien [ww [ieonset [2 [rete 


Output LOW Voltage VOL loL = 2.0mA, -559C < ae <+125°9C 
Voc = 4.5V 


Output HIGH Voltage 


Voc +0.5 


-550C < Ta < +125°C 


Vcc -0.4 


Input Leakage Current Vin = GND or Vcc 


-55°C < Ta < +125°C 
Voc = 5.5V, Pins 29, 
31, 57, 59, 61, 63-64 


Input Sustaining IBHL | Voc = 4.5V and 5.5V -559C < Ta <+125°9C 
Current LOW VIN = 1.0V, Note 1 
Input Sustaining IBHH | Voc =4.5V and 5.5V -559C <Ta < +125°C 
Current HIGH VIN = 3.0V, Note 2 


Input Sustaining Vcc = 4.5V and 5.5V -55°C < TA <+125°C 
Current on VIN = GND, Note 5 
BUSY and ERROR Pins 


Output Leakage Current Vo = GNDorVcc 
Voc = 5.5V, Pins 1, 


7-8, 10-28, 32-34 


Iccop§ | 80C286-1 oo | 
oo | 4 


~550C < Ta <+125°C 


Active Power 
Supply Current 


-55°C < Ta <+125°C 


80C 286-1 2/883, 
Note 4 


| Standby Power ICCSB oo 5.5V 
Supply Current oo 3 


NOTES: 


3 


EECERCURCEC: 2h 


3 
> 


< 
'@) 
Q _ 
+10 
Oo 
on 


-559C < Ta <+1259C 


-IBHL should be measured after lowering Viyy to GND and then raising to 1.0V on the following pins: 36-51, 66, 67. 
. IBHH Should be measured after raising Viyy to Voc and then lowering to 3.0V on the following pins: 4-6, 36-51, 66-68. 
- locsp should be tested with the clock stopped in phase two of the processor clock cycle. Vix, = Voc or GND, Vcc = 5.5V, outputs unloaded. 
- Iccop measured at 10MHz for the 80C286-10/883 and 12.5MHz for the 80C286-1 2/883. Vin, = 2.4V or 0.4V, Voc = 5.5V, outputs unloaded. 
. Igy should be measured after raising Viqy to Voc and then lowerng to OV on pins 53 and 54. 


Orhan 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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CMOS MICRO- 
PROCESSORS 


Specifications 80C286/883 


TABLE 2. 80C286/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Datasheet Waveforms, Unless Otherwise Noted. 


Device Guaranteed and 100% Tested. 
 80C286/883 
GROUP A 


‘PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN, | MAX | MIN | MAX | UNITS 


System Clock Voc = 4.5V 9, 10, 11 -559C < Ta < +1259C 
(CLK) Period and 5.5V 
System Clock Voc = 4.5V and 9, 10, 11 -559C <Ta<+1259C | 12 
(CLK) Low Time 5.5V @ 1.0V 
System Clock Voc = 4.5V and 9, 10, 11 ~559C <Ta <+1259C 13 
(CLK) High Time 5.5V @ 3.6V 
Asynchronous 


Inputs SETUP Time 
Note 1 


Asynchronous 
Inputs HOLD Time 
Note 1 


Read Data 
SETUP Time 


Read Data 

HOLD Time 

READY SETUP Time 
| READY HOLD Time 


Status/PEACK 
Active Delay — 
Note 4 


Status/PEACK 
| Inactive Delay 
Note 3 


9,10,11 |-55°C <Ta < +1250C cs 
9,10,11 |-55°C <T, < +125°C he 


9, 10, 11 -§59C <Ta <+1259C 


NOTES: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 


. Delay from 1.0V on the CLK to 0.8V or 2.0V. 

. Delay from 1.0V on the CLK to 0.8V for Min (HOLD time) and to 2.0V for Max (inactive delay). 
. Delay from 1.0V on the CLK to 2.0V for Min (HOLD time) and to 0.8V for Max (active delay). 

. Delay from 1.0V on the CLK to 2.0V. 


Voc = 4.5V and 
5.5V, Cr = 100pF 


ara © WN. 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications 80C286/883 


TABLE 3. 80C286/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


80C286/883 
PARAMETER SYMBOL | CONDITIONS | NOTES TEMPERATURE 


pMin [max | min’ | wax junrrs 

Se 

Ts | tone [- Jo [- | o [or 

Ts | toe [- | w[- [ufo 
1,3,4,5 


Address/Status/Data 15 -§59C < Ta < +125°C 47 
Float Delay 

Address Valid to Status 19 IL =| 2.0mA | 1,2,5 |-559C <Ta<+1259C | 27 

SETUP Time 


NOTES: 1. Output Load: Cy = 100pF 

Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching O.8V or status going inactive reaching 2.0V. 
. Delay from 1.0V on the CLK to Fioat (no current drive) condition. 

. IL = -6MA (Vo to Float), lL = BMA (VE, to Float). 


. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are charac- 
terized upon initial design and after major process and/or design changes. 


On awnN 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD SUBGROUPS 


2, 3, 8A, 8B, 10, 11 


CMOS MICRO- 
PROCESSORS 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 


3-109 


Specifications 80C286/883 
A.C. Electrical Specifications (Continued) 


820284 and 82C288 TIMING SPECIFICATIONS ARE GIVEN FOR REFERENCE ONLY, AND NO GUARANTEE IS IMPLIED. 
82C284 TIMING ; 


jemoe | anavren fan wefan | wr | sesrcovere 


TIMING REQUIREMENTS 


[13 | ARDY/ARDYENSeup Time __—-‘[ 5 | - [5 | - | ne | Woe) 


[14 [ AROVIARDVENHadTine «ste t- fas f- | [toe 


TIMING RESPONSES 


—— Pee 


82C288 TIMING 


| _tomHs | 12.5MHz | 
ee ccc 


TIMING REQUIREMENTS . 


| 12 | cMDLySetuptime ts | ts | ns 
a Oe NN ke ee A ee 


TIMING RESPONSES 


7 [ateinectve Delay —SSSCS—~—S it | dt fe | 
[19 | DTAReadActve Delay ————S—S~S—~s Sn | | 2 | ne) Om TB 

[20 [DENRead Active Delay ———S—~—~d of at | | at | ne | t= 10mANex 
[21 | DEWReadinactve Delay ——~S~s | 2 | a | at | re | Joni AM 
[22 | BYR ReadinactveDeiay ———S~i is fe fs |e] | 
[23 | DENWite ActveDeay ———SC~—~—SsS ide | df CS 
[24 | DENWitenactiveDeley _————S=~d | 2a | 8 | es | ne | 
[20 | Command Active Delaytromotk ‘ta [a | a [2 | re | c=s00er 
[2 [conmarcheateoseytomctx 8 fae fs [a fm [ioussinain 


NOTE 1. These times are given for testing purposes to ensure a predetermined action. 
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A.C. Specifications (Continued) 


A.C. DRIVE AND MEASURE POINTS - CLK INPUT 


4.0V 


CLK INPUT 


0.45V 


4.0V 


3.6V 


3.6V 


CLK INPUT 


1.0V 


1.0V 


SYOSS390Ud 


-OHDIIN SOWD 


tHOLD 


tSETUP 


0.45V 


‘DELAY (Max.) 


‘DELAY (Min.) 


oe 


4 
OSS 


NOTE:. For A.C. testing, input rise and fall times are driven at ins per volt. 
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Waveforms 


READ CYCLE WRITE CYCLE | _ 
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ 
WAIT eares _ 4 a STATE (T, OR Ts) 
BUS CYCLE TYPE 


¢1 


ns ACA ia 
~ ae a 
*23-"0 YT 


w/id, con INTA —— el Se V// ‘eat inaeaieas UW me IF Ts 
BHE, Lock U/L NALID CONTROL ok ae el a =e 


4 4, 


peeled re VALID _ DATA ss 


ian ie WO a 


@ 
SRDY + SRDYEN WOOO oo VILLE an = im = 


ARDY + ARDYEN (LL, LLL arr auae UMMM i a ke! pm MIM = WLLL. 
) 
<< AYR 
: edad 
ALF 


@) 

CMOLY WN Pane: | mmm 

sa {—_|— iE 
: aa 

DT/R 


ol ret ts 


80C286/883 


TTT Ww NE 


820284 (See Note 2) 


Zz 


82C288 (See Note 2) 


DEN 
MAJOR CYCLE TIMING 


NOTES: 1. The modified timing is due to the CMDLY signal being active. 
2. 82C284 and 82C288 timing waveforms are shown for reference only, and no guarantee is implied. 
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Waveforms (continued) 


80C286/883 RESET INPUT TIMING AND 
80C286/883 ASYNCHRONOUS INPUT SIGNAL TIMING SUBSEQUENT PROCESSOR CYCLE PHASE 


BUS CYCLE TYPE 
CLK 


PCLK 
(SEE NOTE 1) 


INTR, NMI 


HOLD, PEREQ MLL 


(SEE NOTE 2) 


(SEE NOTE 2) 


NOTES: 1. PCLK indicates which processor cycle phase will occur on the NOTE: When RESET meets the setup time shown, the next CLK will start or 
next CLK. PCLK may not indicate the correct phase until the first repeat 62 of a processor cycle. 
cycle is performed. 


2. These inputs are asynchronous. The setup and hold times 
shown assure recognition for testing purposes. 


EXITING AND ENTERING HOLD 


CMOS MICRO- 
PROCESSORS 


BUS CYCLE TYPE TH ORT; TI TH 


CLK 
ae (SEE NOTE 4) 
<a ae ee (2A) (note 3) = 
= i a 
3 PEM o nea eeer na ~ YIFNPXTRANSFER- =» | | 
(SEE NOTE 1) 
gaat (SEE NOTE 5) 
Mio, mono VALID >>>» Sea yo ye gg Fe ge et ge 
COD/INTA (SEE NOTE 2) 
(SEE NOTE 6) 
sa alae KK >>) aE 
VALID 
IF WRITE 
S 
& 


NOTES: 1. These signals may not be driven by the 80C286/883 during the time shown. The worst case in terms of latest float time is shown. 
2. The data bus will be driven as shown if the last cycle before T; in the diagram was a write Tc. 
3. The 80C286/883 puts its status pins in a high impedance logic one state during Tj. 
4. For HOLD request set up to HLDA, refer to Figure 29. 
5. BHE and LOCK are driven at this time but will not become valid until Ts. 
6. The data bus will remain in a high impedance state if a read cycle is performed. 
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Waveforms (Continued) 


80C286/883 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 
BUS CYCLE TYPE 


T T | T T 
Ven | o2.] ot S o2 L@ ® 02 o1 TS g2 0 © 92 eo |! 
CLK ) 

Vet 1/0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 

| MEMORY READ IF MEMORY TO PROC. EXT. /_1/0 WRITE IF MEMORY TO PROC. EXT. 

Si © 50 
MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER 1/0 PORT 
ome ADDRESS COFA(H) IF MEMORY TO PROC. EXT. TRANSFER 


1/0 PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 


m/i0, COD INTA i K_| 


PEACK (SEE NOTE - 1) 


(SEE NOTE - 2) >- ©) 
7 4) 
PEREQ \\\\\\ LEELA 


ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 800286/883 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 


NOTES: 1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation will be 
either a memory read at operand address or !/O read at port address OOFA(H). 
2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is 3 x © - 12Amax. ~ @min. The 
actual, configuration dependent, maximum time is: 3 x M - 12Amax. ~ @min. +N x 2 x ©. N is the number of extra To states added to either the 
first or second bus operation of the processor extension data operand transfer sequence. 


INITIAL 80C286/883 PIN STATE DURING RESET 


BUS CYCLE TYPE 
11 
VCH - of ¢2 
CLK 
pe = 98 A ial sl d eae Po 
RESET hj AT LEAST 
eee CLK PERIODS 
olla TNKNOWN aeanenece ae aca 
ee ee ® 
Az3 - Ag nnn 
a TNKNOWN ee 
il) UNKNOWN Sty 8 
COD/INTA : — 
- | 8 Ba pee 
LOCK ‘ UNKNOWN 


(5) 2 
ETT W)))))9999999999999)))))999)))99999999)90999999999)9999)))9))))))))))))) ae 


HLDOA UNKNOWN $ sis 


NOTES: 1. Setup time for RESET { may be violated with the consideration that 1 of the processor clock may begin one system CLK period later. 
2. Setup and hold times for RESET } must be met for proper operation, but RESET {| may occur during $1 or o2. 
3. The data bus is only guaranteed to be in a high impedance state at the time shown. 
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Burn-In Circuit 
80C286/883 PGA 


vn” oT 
au 


eee 
PPPeTTrrrerreeer 


TI 
i) 


a 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 
33 


! i 


Ps) 
c°) 
2 2 


i 


GND 
C1 Vss 
5.5V 
VDD 


RO 


NOTES: 1. Supply Voltage 5. Oven Type and Frequency Requirements 
Vop = §.5V Wakefield Oven Board fg = 100kHz, fg = 12.5kHz, 
Vsg = 0.0V f4 = 6.25kHz, fs = 3.125kHz, f7 = 781.25Hz. 


. Input Voltage Limits 


Vit (Maximum) = 0.8V 
Vin, (Minimum) = 2.0V 


. Component Values 


RC = 1kN +5% 
RI = 10k +5% 
RO = Two Series 2.7kQ +5% 


. Capacitor Values 


C1 = 0.1 Microfarads 


6. Special Requirements 


(a) ELECTROSTATIC DISCHARGE SENSITIVE. Proper 
Precautions Must be Used When Handling Units. 

(b) All Power Supplies Must be at Zero Volts When the Boards 
are Inserted into the Ovens. 

(c) When Powering Up, the Inputs Must be Held Below the Vop 
Voltage. 

(d) If an Excessive Current is Indicated at Final Inspection, 
Check to See if a Part is Inserted Backwards or is Latched 
Up. 


3-115 


og 
ae) 
On 
so 
nO 
29 
OF 


80C286/883 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
315 x 320 x 19 + 1 mils Material: Si-Au Eutectic Alloy 
METALLIZATION: Temperature: Ceramic PGA — 420°C (Max) 
Type: Si-Al WORST CASE CURRENT DENSITY: 2 x 10°A/cm2 
Thickness: 8kA LEAD TEMPERATURE (10 Seconds Soldering): < 300°C 
GLASSIVATION: 
Type: Nitrox 


Thickness: 10kA 


Metallization Mask Layout 
80C286/883 


if ef ata bape igs 


fi act 


. 
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Packaging 
68 PIN GRID ARRAY (PGA) 


1.140 
1.180 


1.000 
BSC 


©OO® a6 
6) @ © ©) © t .020 
© © © © 
© © © © 

110 | O@ (ORO) 

1180 | © © ©@| ‘kee 
© © © © 
© © ©@ 
OXO) © © le 
©@00OOOO08E fe 
© © 


025 
060 


SEATING PLANE 


INDEX CORNER ID 


LEAD FINISH: Type C COMPLIANT OUTLINE: MIL-STD-1835, CMGA3-P68D 
MATERIALS: Compliant to MIL-M-38510 


PROCESSORS 


CMOS MICRO- 


NOTE: All Dimensions are ‘re , Dimensions are in inches. 
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Ga HARRIS 


January 1992 


Features 
e Compatible with NMOS 8086 
¢ Completely Static CMOS Design 


PIDG 2ksecssuGcrwtwcesete elocatan seals 5MHz (80C86). 

PDG Sead seus cesaus eid pevarraave oan 8MHz (80C 86-2) 
e Low Power Operation 

P AIG CSB s6.cte pact ddc eee oe wie ealeetae 500uA (Max) 

F IC COR is cise ewes a eos weemeaes -». 10MA/MHz (Typ) 


e 1MByte of Direct Memory Addressing Capability 
e 24 Operand Addressing Modes 
¢ Bit, Byte, Word and Block Move Operations 


e 8 Bit and 16 Bit Signed/Unsigned Arithmetic 
> Binary, or Decimal 
> Multiply and Divide 


° Wide Operating Temperature Range 


package | tewp.rance | swriz | owe 


CMOS 16 Bit Microprocessor 


Description 


The Harris 80C86 high performance 16 bit CMOS CPU is 
manufactured using a self-aligned silicon gate CMOS 
process (Scaled SAJI IV). Two modes of operation, 
MINimum for small systems and MAXimum for larger 
applications such as _ multi-processing, allow user 
configuration to achieve the highest performance level. Full 
TTL compatibility (with the exception of CLOCK) and 
industry standard operation allow use of existing NMOS 
8086 hardware and software designs. 


Ordering Information 


Plastic 40°C to +709C CP80C86 CP80C86-2 
DIP -40°9C to +85°9C IP80C86 IP80C86-2 
PLCC 09°C to +709C CS80C86 CS80C86-2 


-409C to +85°C | IS80C86 IS80C86-2 
0°C to+70°C | CDs0cs6 | CD80c86-2 
-409C to +859C |IDsocss __ | 1D80c86-2 


Ceramic 
DIP 


> CBOCBE 2... eee eee ee wesseseese+.00C to +700C 
SMD# 
: ae ee ee ree ee ; ee 
ied Ree RORS Sue eas SMD# 
Pinouts 
40 LEAD DIP 44 LEAD PLCC AND LCC PACKAGE 
TOP VIEW TOP VIEW 
(MIN) Py 0 
AD14 [2 | MAX MODE pa Ia eee 
Ani3 [3 | a =- 22 to, g ¢ 8 & 8 
MIN MODE o ag a 38 2 oc © 6 
ap12 [4] eoces | < < < < © ia a 
AD11 [5 | al} 
AD10 | 6 | 
AD9 
ADs | 8 | 
AD7 {9 | 
AD6 10] (HOLD) 
ADs [11] (HLDA) 
apa [12 (Why 
aps [13] (M/ 10) 
AD2 [14] (DT/ R) 
AD1 [15] (DEN) 
ADO |16| (ALE) 
NMI (INTA) 
INTR [18] 
cux [i9] Eyatt col fade 4 (eet sea iad deel teat tonyiiaet 


GND [20] 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1992 


MIN MODE 
80C86 


MAX MODE 
80C&6 


File Number 2957 
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Functional Diagram 


EXECUTION UNIT BUS INTERFACE UNIT 


RE 
REGISTER FILE REGISTER FILE 


DATA, SEGMENT 


POINTER, & 


INDEX REGS 
(8 WORDS) 


BHE/S7 
16-BIT ALU A19/S¢ 
Ai6/S3 


x» DT/A, DEN, ALE, M/I0 


6-BYTE 
INSTRUCTION 
QUEUE 


weet LOCK re) o 
INTR 4 
™ 2’ ase, as o8 
RO/GTO 4 (z" CONTROL & TIMING 0, QS4 =% 
zc Ww 
HOLD S2, $1, So 7p) 
nae PE) O68 
= 
Oa 
CLK RESET READY MN/MX GND 
Vec 
MEMORY INTERFACE 
INSTRUCTION 
STREAM BYTE 
QUEUE 
pusi__S_ 
INTERFACE| __—SsSS_— 
UNIT; dS | EXECUTION UNIT 
CONTROL 
SYSTEM 
ARITHMETIC/ 
LOGIC UNIT 
EXECUTION 
UNIT 
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Pin Description 


The following pin function descriptions are for 80C86 _ interface connection to the 80C86 (without regard to 
systems in either minimum or maximum mode. The “Local additional bus buffers). 
Bus” in these descriptions is the direct multiplexed bus 


PIN . 
SYMBOL | NUMBER : DESCRIPTION 


7 aa 


A19/S6 
A18/S5 
A17/S4 
A16/S3 
| 


ADDRESS DATA BUS: These lines constitute the time multiplexed memory/IO address (T1) 
and data (T2, T3, TW, T4) bus. AO is analogous to BHE for the lower byte of the data bus, pins 
D7-DO. It is LOW during T1 when a byte is to be transferred on the lower portion of the bus in 
memory or I/O operations. Eight-bit oriented devices tied to the lower half would normally 
use AO to condition chip select functions (See BHE). These lines are active HIGH and are 
held at high impedance to the last valid logic level during interrupt acknowledge and local 
bus “hold acknowledge” or “grant sequence”. 


ADDRESS/STATUS: During T1, these are the four most significant address lines for 
memory operations. During I/O operations these lines are LOW. During memory and I/O 
operations, status information is available on these lines during T2, T3, TW, T4. S6 is always 
LOW. The status of the interrupt enable FLAG bit (S5) is updated at the beginning of each 
clock cycle. S4 and S3 are encoded as shown. 


This information indicates which segment register is presently being used for data 
accessing. 


These lines are held at high impedance to the last valid logic level during local bus “hold 
acknowledge” or “grant sequence”. 


aS ee 


Alternate Data 
Stack 

Code or None 
Data 


BUS HIGH ENABLE/STATUS: During T1 the bus high enable signal (BHE) should be used 
to enable data onto the most significant half of the data bus, pins D15-D8. Eight bit oriented 
devices tied to the upper half of the bus would normally use BHE to condition chip select 
functions. BHE is LOW during T1 for read, write, and interrupt acknowledge cycles when a 
byte is to be transferred on the high portion of the bus. The S7 status information is available 
during T2, T3 and T4. The signal is active LOW, and is held at high impedance to the last 
valid logic level during interrupt acknowledge and local bus “hold acknowledge” or “grant 
sequence”; it is LOW during T1 for the first interrupt acknowledge cycle. 


[ove [x0 oumerenenes 


Whole word 

Upper Byte from/to 

odd address 

Lower byte from/to 
_even address 
None 


READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, 
depending on the state of the MAO or S2 pin. This signal is used to read devices which reside 
on the 80C86 local bus. RD is active LOW during T2, T3 and TW of any read cycle, and is 

guaranteed to remain HIGH in T2 until the 80C86 local bus has floated. 


This line is held at a high impedance logic one state during “hold acknowledge” or “grant 
sequence”. 


READY: is the acknowledgement from the addressed memory or I/O device that will com- 
plete the data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A 
Clock Generator to form READY. This signal is active HIGH. The 80C86 READY inputis not 
synchronized. Correct operation is not guaranteed if the Setup and Hold Times are not met. 


INTERRUPT REQUEST: isa level triggered input which is sampled during the last clock 
cycle of each instruction to determine if the processor should enter into an interrupt acknowl- 
edge operation. A subroutine is vectored to via an interrupt vector lookup table located in 
system memory. It can be internally masked by software resetting the interrupt enable bit. 
INTR is internally synchronized. This signal is active HIGH. 
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Pin Description (Continued) 


The following pin function descriptions are for 80C86_ interface connection to the 80C86 (without regard to 
systems in either minimum or maximum mode. The “Local additional bus buffers). 
Bus” in these descriptions is the direct multiplexed bus 


PIN 
SYMBOL | NUMBER DESCRIPTION 


TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution con- 
tinues, otherwise the processor waits in an “Idle” state. This input is synchronized internally 
during each clock cycle on the leading edge of CLK. 


NON-MASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system memory. NMI 
is not maskable internally by software. A transition from LOW to HIGH initiates the interrupt 

at the end of the current instruction. This input is internally synchronized. 


RESET: causes the processor to immediately terminate its present activity. The signal must 
transition LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts 

execution, as described in the Instruction Set description, when RESET returns LOW. RESET 
is internally synchronized. 


CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with 
a 33% duty cycle to provide optimized internal timing. 


VCC: +5V power supply pin. A0.1pF capacitor between pins 20 and 40 is recommended for 
decoupling. 


GND: Ground. Note: both must be connected. A0.1pF capacitor between pins 1 and 20 is 
recommended for decoupling. 


MINIMUM/MAXIMUM: Indicates what mode the processor is to operate in. The two modes 
are discussed in the following sections. 


The following pin function descriptions are for the 80C86 in which are unique to minimum mode are described; all other 
minimum mode (i.e. MN/MX = VCC). Only the pin functions — pin functions are as described below. 


MINIMUM MODE SYSTEM 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


M/IO STATUS LINE: logically equivalent to S2 in the maximum mode. It is used to distinguish 
a memory access from an !/O access. M/IO becomes valid in the T4 preceding a bus 
" we 
. uM 
Tae 


cycle and remains valid until the final T4 of the cycle (M = HIGH, lO = LOW). M/IO is held to 
a high impedance logic one during local bus “hold acknowledge”. 


WRITE: indicates that the processor is performing a write memory or write 1/O cycle, 
depending on the state of the M/IO signal. WR is active for T2, T3 and TW of any write 
cycle. It is active LOW, and is held to high impedance logic one during local bus “hold 
acknowledge”. 


INTERRUPT ACKNOWLEDGE: is used as a read strobe for interrupt acknowledge 
cycles. It is active LOW during T2, T3 and TW of each interrupt acknowledge cycle. Note 
that INTA is never floated. 


ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 
82C82/82C83 address latch. It is a HIGH pulse active during clock LOW of T1 of any bus 
cycle. Note that ALE is never floated. 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use a data 
bus transceiver. It is used to control the direction of data flow through the transceiver. 
Logically, DT/Ri is equivalent to S1 in maximum mode, and its timing is the same as for 
M/IO (T = HIGH, R = LOW). DT/R is held toa high impedance logic one during local bus 
“hold acknowledge”. 


DATA ENABLE: provided as an output enable for a bus transceiver in a minimum system 
which uses the transceiver. DEN is active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle of T2 until the middle 
of T4, while for a write cycle it is active from the beginning of T2 until the middle of T4. 

DEN is held to a high impedance logic one during local bus “hold acknowledge”. 
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Pin Description (Continued) 


The following pin function descriptions are for the 80C86 in which are unique to minimum mode are described; all other 
minimum mode (i.e. MN/MX = VCC). Only the pin functions pin functions are as described below. 


MINIMUM MODE SYSTEM (Continued) 


PIN 
SYMBOL | NUMBER DESCRIPTION 


HOLD 31, I 
HLDA 30 » O 


The following pin function descriptions are for the 80C86 pin functions which are unique to maximum mode are 
system in maximum mode (i.e., MN/MX = GND). Only the described below. 


MAXIMUM MODE SYSTEM 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


STATUS: is active during T4, T1 and T2 and is returned to the passive state (1, 1, 1) during 
T3 or during TW when READY is HIGH. This status is used by the 82C88 Bus Controller to 
generate all memory and I/O access control signals. Any change by S2, S1orSO during T4 is 
used to indicate the beginning of a bus cycle, and the return to the passive state in T3 or TW 
is used to indicate the end of a bus cycle. 


HOLD: indicates that another master is requesting a local bus “hold”. To be a acknowl- 
edged, HOLD must be active HIGH. The processor receiving the “hold” will issue a “hold 
acknowledge” (HLDA) in the middle of a T4 or TI clock cycle. Simultaneously with the 
issuance of HLDA, the processor will float the local bus and control lines. After HOLD is 
detected as being LOW, the processor will lower HLDA, and when the processor needs 
to run another cycle, it will again drive the local bus and control lines. 


HOLD is not an asynchronous input. External synchronization should be provided if the 
system cannot otherwise guarantee the setup time. 


These signals are held at a high impedance logic one state during “grant sequence”. 


| s2_ | st_|_ so | cuaracrenistics _| 


Interrupt Acknowledge 
Read I/O Port 

Write I/O Port 

Halt 

Code Access 

Read Memory 

Write Memory 

Passive 


0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 


-"-~o-0+02+ 0 


RQ/GTO REQUEST/GRANT: pins are used by other local bus masters to force the processor to 

RQ/GT1 _ | release the local bus at the end of the processor’s current bus cycle. Each pin is bi-directional 
with RQ/GTO having higher priority than RQ/GT1. RQ/GT has an internal pull-up bus hold _ 
device so it may be left unconnected. The request/grant sequence is as follows (see RQ/GT 
Sequence Timing) 


1. Apulse of 1 CLK wide from another local bus master indicates a local bus request 
(“hold”) to the 80C86 (pulse 1). 


. During a T4 or Tl clock cycle, a pulse 1 CLK wide from the 80C86 to the requesting 
master (pulse 2) indicates that the 80C86 has allowed the local bus to float and that it 
will enter the “grant sequence” state at the next CLK. The CPU’s bus interface unit is 
disconnected logically from the local bus during ‘‘grant sequence”. 


. Apulse 1 CLK wide from the requesting master indicates to the 80C86 (pulse 3) that 
the “hold” request is about to end and that the 80C86 can reclaim the local bus at the 
next CLK. The CPU then enters T4 (or TI if no bus cycles pending). 


Each Master-Master exchange of the local bus is a sequence of 3 pulses. There must 
be one idle CLK cycle after each bus exchange. Pulses are active low. 
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Pin Description (Continued) 


The following pin function descriptions are for the 80C86 
system in maximum mode (i.e., MN/MX = GND). Only the 


MAXIMUM MODE SYSTEM (Continued) 


pin functions which are unique to maximum mode are 
described below. 


PIN ; 
SYMBOL | NUMBER DESCRIPTION 


If the request is made while the CPU is performing amemory cycle, it will release the 
local bus during T4 of the cycle when all the following conditions are met: 


. Request occurs on or before T2. 


. Current cycle is not the low byte of a word (on an odd address). 


. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 


. Alocked instruction is not currently executing. 


If the local bus is idle when the request is made the two possible events will follow: 


1. Local bus will be released during the next cycle. 


2. Amemory cycle will start within three clocks. Now the four rules for a cur- 
rently active memory cycle apply with condition number 1 already satisfied. 


LOCK: output indicates that other system bus masters are not to gain control of the system 
bus while LOCK is active LOW. The LOCK signal is activated by the “LOCK” prefix instruc- 


tion and remains active until the completion of the next instruction. This signal is active 
LOW, and is held at a high impedance logic one state during “grant sequence”. In MAX 
mode, LOCK is automatically generated during T2 of the first INTA cycle and removed dur- 
ing T2 of the second INTA cycle. 


QS1, QSO 24,25 QUEUE STATUS: The queue status is valid during the CLK cycle after 
which the queue operation is performed. 
QS1 and QSO provide status to allow external tracking of the internal 
80C86 instruction queue. Note that QS1, QSO never become high impedance. 


Functional Description 
Static Operation 


All 80C86 circuitry is of static design. Internal registers, 
counters and latches are static and require no refresh as 
with dynamic circuit design. This eliminates the minimum 
operating frequency restriction placed on _ other 
microprocessors. The CMOS 80C86 can operate from DC 
to the specified upper frequency limit. The processor clock 
may be stopped in either state (HIGH/LOW) and held there 
indefinitely. This type of operation is especially useful for 
system debug or power critical applications. 


The 80C86 can be single stepped using only the CPU 
clock. This state can be maintained as long as is necessary. 
Single step clock operation allows simple interface circuitry 
to provide critical information for bringing up your system. 


Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can provide 
extremely low power operation since 80C86 power dissipa- 
tion is directly related to operating frequency. As the system 


No Operation 

First byte of op code 
from queue 

Empty the Queue 
Subsequent byte from 
queue 


frequency is reduced, so is the operating power until, 
ultimately, at a DC input frequency, the 80C86 power re- 
quirement is the standby current, (6500uA maximum). 


Internal Architecture 


The internal functions of the 80C86 processor are parti- 
tioned logically into two processing units. The first is the 
Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown in the CPU functional diagram. 


These units can interact directly but for the most part per- 
form as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic 
bus control. The overlap of instruction pre-fetching provid- 
ed by this unit serves to increase processor performance 
through improved bus bandwidth utilization. Up to 6 bytes 
of the instruction stream can be queued while waiting for 
decoding and execution. 
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The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 2 bytes in the queue, the BIU will 
attempt a word fetch memory cycle. This greatly reduces 
“dead-time” on the memory bus. The queue acts as a First- 
In-First-Out (FIFO) buffer, from which the EU extracts 
instruction bytes as required. If the queue is empty (follow- 
ing a branch instruction, for example), the first byte into the 
queue immediately becomes available to the EU. 


The execution unit receives pre-fetched instructions from 
the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. 


Memory Organization 

The processor provides a 20 bit address to memory, which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
OO000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra and stack segments of up to 64K bytes 
each, with each segment falling on 16-byte boundaries. 
(See Figure 1). . 


[—— FFFFFH 
64K BIT CODE SEGMENT 
: XXXXOH 


STACK SEGMENT 
+ OFFSET 
SEGMENT 
REGISTER FILE DATA SEGMENT 
| CS 
aa eee 
a See 
| ESO 
EXTRA SEGMENT 
t——T po000H 


FIGURE 1. 80C86 MEMORY ORGANIZATION 


TABLE A. 


TYPE OF 
MEMORY 


REFERENCE OFFSET 


None 
None 
CS, ES, SS 


Instruction Fetch 


Stack Operation 

Variable (except 
following) 

String Source 

String Destination | 

BP Used As Base 

Register 


Effective 
Address 
CS,ES,SS {SI 

None DI 
CS,DS,ES | Effective 
Address 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of 
programs. The segment register to be selected is automati- 
cally chosen according to.the specific rules of Table A. All 
information in one segment type share the same logical attrib- 
utes (e.g. code or data). By structuring memory into 
relocatable areas of similar characteristics and by automati- 
cally selecting segment registers, programs are shorter, 
faster and more structured. (See Table A). 


Word (16 bit) operands can be located on even or odd 
address boundaries and are thus not constrained to even 
boundaries as is the case in many 16-bit computers. For 
address and data operands, the least significant byte of the 
word is stored in the lower valued address location and the 
most significant byte in the next higher address location. The 
BIU automatically performs the proper number of memory 
accesses, one if the word operand is on an even byte bound- 
ary and two if it is on an odd byte boundary. Except for the 
performance penalty, this double access is transparent to the 
software. The performance penalty does not occur for 
instruction fetches; only word operands. 


Physically, the memory is organized as a high bank (D15-D8) 
and a low bank (D7-DO) of 512K bytes addressed in parallel 
by the processor’s address lines. 


Byte data with even addresses is transferred on the D7-DO 
bus lines while odd addressed byte data (AO HIGH) is trans- 
ferred on the D15-D8 bus lines. The processor provides two 
enable signals, BHE and AO, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched from mem- 
ory as words and is addressed internally by the processor at 
the byte level as necessary. 


In referencing word data, the BIU requires one or two memory 
cycles depending on whether the starting byte of the word is 
on an even or odd address, respectively. Consequently, in 
referencing word operands performance can be optimized by 
locating data on even address boundaries. This is an espec- 
ially useful technique for using the stack, since odd address 
references to the stack may adversely affect the context 
switching time for interrupt processing or task multiplexing. 


Certain locations in memory are reserved for specific CPU 
operations (See Figure 2). Locations from address FFFFOH 
through FFFFFH are reserved for operations including a jump 
to the initial program loading routine. Following RESET, the 
CPU will always begin execution at location FFFFOH where 
the jump must be located. Locations OOOOOH through 
OO3FFH are reserved for interrupt operations. Each of the 
256 possible interrupt service routines is accessed thru its’ 
own pair of 16-bit pointers - segment address pointer and 
offset address pointer. The first pointer, used as the offset 
address, is loaded into the IP and the second pointer, which 
designates the base address is loaded into the CS. At this 
point program control is transferred to the interrupt routine. 
The pointer elements are assumed to have been stored at the 
respective places in reserved memory prior to occurrence of 
interrupts. 
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FFFFFH 


RESET BOOTSTRAP 
PROGRAM JUMP 


~s 


FFFFON 


JFFH 
3FCH 


TYPE 255 POINTER 
(AVAILABLE) 


AVAILABLE 
INTERRUPT 
POINTERS 
(224) TYPE 33 POINTER 
(AVAILABLE) 


TYPE 32 POINTER 


(AVAILABLE) 


TYPE 31 POINTER 
(RESERVED) 


084K 


080H 
O7FH 


RESERVED 
INTERRUPT 
POINTERS 
(27) 


014 


TYPE § POINTER 
(RESERVED) 
TYPE 4 POINTER 
OVERFLOW 
TYPE 3 POINTER 


1-BYTE INT INSTRUCTION 


TYPE 2 POINTER 
NON-MASKABLE 


TYPE 1 POINTER 
SINGLE-STEP 


TYPE 0 POINTER 
DIVIDE ERROR 
-b-—— 16 BITS —__ 


FIGURE 2. RESERVED MEMORY LOCATIONS 


O10H 


DEDICATED oecH 
INTERRUPT 


POINTERS 
(S) 008H 


004H 


ES BASE ADDRESS 
oo0K 1P OFFSET 


Minimum and Maximum Operation Modes 


The requirements for supporting minimum and maximum 
80C86 systems are sufficiently different that they cannot be 
met efficiently using 40 uniquely defined pins. Consequent- 
ly, the 80C86 is equipped with a strap pin (MN/MX) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of 
the strap pin. When the MN/MxX pin is strapped to GND, the 
80C86 defines pins 24 through 31 and 34 in maximum 
mode. When the MN/MxX pin is strapped to VCC, the 80C86 
generates bus control signals itself on pins 24 through 31 
and 34. 


The minimum mode 80C86 can be used with either a multi- 
plexed or demultiplexed bus. This architecture provides the 
80C86 processing power in a highly integrated form. 


The demultiplexed mode requires two 82C82 latches (for 
64K addressability) or three 82C82 latches (for a full 
megabyte of addressing). An 82C86 or 82C87 transceiver 
can also be used if data bus buffering is required. (See 
Figure 6a.) The 80C86 provides DEN and DT/R to control 
the transceiver, and ALE to latch the addresses. This config- 
uration of the minimum mode provides the standard 
demultiplexed bus structure with heavy bus buffering and 
relaxed bus timing requirements. 


The maximum mode employs the 82C88 bus controller 
(See Figure 6b). The 82C88 decodes status lines SO, S1 
and S2, and provides the system with all bus control 
signals. 


Moving the bus control to the 82C88 provides better source 
and sink current capability to the control lines, and frees the 
80C8&6 pins for extended large system features. Hardware 
lock, queue status, and two request/grant interfaces 
are provided by the 80C86 in maximum mode. These fea- 
tures allow coprocessors in local bus and remote bus con- 
figurations. 


Bus Operation 


The 80C86 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This technique 
provides the most efficient use of pins on the processor 
while permitting the use of a standard 40 lead package. 
This “local bus” can be buffered directly and used through- 
out the system with address latching provided on memory 
and I/O modules. In addition, the bus can also be 
demultiplexed at the processor with a single set of 82C82 
address latches if a standard non-multiplexed bus is 
desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3 and T4 (see 
Figure 3). The address is emitted from the processor during 
T1 and data transfer occurs on the bus during T3 and T4. T2 
is used primarily for changing the direction of the bus 
during read operations. In the event that a “NOT READY” 
indication is given by the addressed device, “Wait” states 
(TW) are inserted between T3 and T4. Each inserted wait 
state is the same duration as a CLK cycle. Periods can 
occur between 80C86 driven bus cycles. These are 
referred to as idle” states (TI) or inactive CLK cycles. The 
processor uses these cycles for internal housekeeping and 
processing. 


During T1 of any bus cycle, the ALE (Address Latch Enable) 
signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MxX strap). At the trailing 
edge of this pulse, a valid address and certain status 
information for the cycle may be latched. 


Status bits SO, $1 and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table B. 


TABLE B. 
ps | si | so | cuaracrenisrics 
0 0 0 Interrupt 
6) 6) 1 Read I/O 
0 1 0 Write I/O 
0 1 1 Halt 
1 0 .¢) Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 
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FIGURE 3. BASIC SYSTEM TIMING 
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Status bits S3 through S7 are time multiplexed with high 
order address bits and the BHE signal, and are therefore 
valid during T2 through T4. S3 and S4 indicate which segment 
register (see Instruction Set Description) was used for this bus 
cycle in forming the address, according to Table C. 


TABLE C. 


Alternate Data (extra segment) 
Stack 

Code or None 

Data 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
always zero and S7 is a spare status bit. 


I/O Addressing 


In the 80C86, I/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The I/O 
address appears in the same format as the memory address 
on bus lines A15-A0. The address lines A19-A16 are zero 
in I/O operations. The variable I/O instructions which use 
register DX as a pointer have full address capability while 
the direct I/O instructions directly address one or two of the 
256 I/O byte locations in page O of the I/O address space. 


I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the D7- 
DO bus lines and odd addressed bytes on D15-D8. Care 
must be taken to ensure that each register within an 8 bit 
peripheral located on the lower portion of the bus be 
addressed as even. 


EXTERNAL 
PIN 

OUTPUT 
ORIVER 


INPUT 


BUFFER 


FIGURE 4A. BUS HOLD CIRCUITRY PIN 2-16, 34-39 


PROTECTION 
CIRCUITRY 


External Interface 
Processor RESET and Initialization 


Processor initialization or start up is accomplished with acti- 
vation (HIGH) of the RESET pin. The 80C86 RESET is 
required to be HIGH for greater than 4 CLK cycles. The 
80C86 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal reset 
sequence for approximately 7 clock cycles. After this inter- 
val, the 80C86 operates normally beginning with the 
instruction in absolute location FFFFOH. (See Figure 2). The 
RESET input is internally synchronized to the processor 
clock. At initialization, the HIGH-to-LOW transition of 
RESET must occur no sooner than 50us (or 4 CLK cycles, 
whichever is greater) after power-up, to allow complete 
initialization of the 80C86. 


NMI will not be recognized prior to the second CLK cycle 
following the end of RESET. If NMI is asserted sooner than 
nine clock cycles after the end of RESET, the processor 
may execute one instruction before responding to the inter- 
rupt. 


Bus Hold Circuitry 


To avoid high current conditions caused by floating inputs 
to CMOS devices and to eliminate need for pull-up/down 
resistors, “bus-hold” circuitry has been used on the 80C86 
pins 2-16, 26-32 and 34-39. (See Figure 4a and 4b). These 
circuits will maintain the last valid logic state if no driving 
source is present (i.e. an unconnected pin or a driving 
source which goes to a high impedance state). To overdrive 
the “bus hold” circuits, an external driver mustbe capable 
of supplying approximately 400yA minimum sink or source 
current at valid input voltage levels. Since this “bus hold” 
circuitry is active and not a “resistive” type element, the 
associated power supply current is negligible and power 
dissipation is significantly reduced when compared to the 
use of passive pull-up resistors. 


EXTERNAL 
PIN 


Vv 
OUTPUT 
ORIVER 


PROTECTION 
CIRCUITRY 


FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32 
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Interrupt be) perations 


Interrupt operations fall into two classes: software or hard- 
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the Instruc- 
tion Set. Description. Hardware interrupts can be classified 
as non+maskable or maskable. 


Interrupts result in a transfer of control to a new program lo- 
cation. A 256-element table containing address pointers to 
the interrupt. service program locations resides in absolute 
\6cations O through 3FFH, which are reserved for this 
‘purpose. Each element in the table is 4 bytes in size and 
corresponds to an interrupt “type”. An interrupting device 
supplies an 8 bit type number during the interrupt acknow- 
ledge sequence, which is used to “vector” through the 
appropriate element to the new interrupt service program 
location. All flags and both the Code Segment_and 
Instruction Pointer register are saved as part of the INTA 
sequence. These are restored upon execution of an Inter- 
rupt Return (IRET) instruction. 


Non-Maskable interrupt (NMI) 


The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable inter- 
rupt request pin (INTR). A typical use would be to activate a 
power failure routine. The NMI is edge-triggered on a 
LOW-to-HIGH transition. The activation of this ‘Pip causes a 
type 2 interrupt. : 


NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any positive transition of NMI is 
latched on-chip and will be serviced at the end of the 
current instruction or between whole moves of a block-type 
instruction. Worst case response to NMI would be for multi- 
ply, divide, and variable shift instructions. There is no 
specification on the occurrence of the low-going edge; it 
may occur before, during or after the servicing of NMI. 
Another positive edge triggers another response if it occurs 
after the start of the NMI procedure. The signal must be free 
of logical spikes in general and be free of bounces on the 
low-going edge to avoid triggering extraneous responses. 


FLOAT 
ADg-AD15 


Maskable Interrupt (INTR) 


The 80C86 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable flag (IF) status bit. The 
interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a block 
type instruction. INTR may be removed anytime after the 


_ falling edge of the first INTA signal. During the interrupt re- 


sponse sequence further interrupts are disabled. The 
enable bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the inter- 
rupt. Until the old FLAGS register is restored the enable bit 
will be zero unless specifically set by an instruction. 


During the response sequence (Figure 5) the processor 
executes two successive (back-to-back) interrupt acknow- 
ledge cycles. The 80C86 emits the LOCK signal (Max mode 
only) from T2 of the first bus cycle until T2 of the second. A 
local bus “hold” request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a byte is 
supplied to the 80C86 by the 82C59A _Interupt 
Controller; which identifies the source (type) of the interrupt. 
This byte is multiplied by four and used as a pointer into the 
interrupt vector look-up table. An INTR signal left HIGH will 
be continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RETURN 
instruction includes a FLAGS pop which returns the status 
of the original interrupt enable bit when it restores the 
FLAGS. 


Halt 


When a software “HALT” instruction is executed the 
processor indicates that it is entering the “HALT” state in 
one of two ways depending upon which mode is strapped. 
In minimum mode, the processor issues one ALE with no 
qualifying bus control signals. In maximum mode the 
processor issues appropriate HALT status on S2, Si, Xo) 


| T |Tl T | T2 | TT | Tq | 


TYPE VECTOR 


FIGURE 5. INTERRUPT ACKNOWLEDGE SEQUENCE 
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and the 82C88 bus controller issues one ALE. The 80C86 
will not leave the “HALT” state when a local bus “hold” is 
entered while in “HALT”. In this case, the processor 
reissues the HALT indicator at the end of the local bus hold. 
An NMI or interrupt request (when interrupts enabled) or 
RESET will force the 80C86 out of the “HALT” state. 


Read/Modify/Write (Semaphore) 
Operations Via Lock 


The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the 
execution of an instruction. This gives the processor the 
capability of performing read/modify/write operations on 
memory (via the Exchange Register With Memory instruc- 
tion, for example) without another system bus master 
receiving intervening memory cycles. This is useful in 
multiprocessor system configurations to accomplish “test 
and set lock” operations. the LOCK signal is activated 
(forced LOW) in the clock cycle following decoding of the 
software “LOCK” prefix instruction. It is deactivated at the 
end of the last bus cycle of the instruction following the 
“LOCK” prefix instruction. While LOCK is active a request 
on a RQ/GT pin will be recorded and then honored at the 
end of the LOCK. 


External Synchronization Via TEST 


As an alternative to interrupts, the 80C86 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active 
(LOW). The execution of WAIT does not consume bus 
cycles once the queue is full. 


If a local bus request occurs during WAIT execution, the 
80C86 three-states all output drivers while inputs and 1/O 
pins are held at valid logic levels by internal bus-hold 
circuits. If interrupts are enabled, the 80C86 will recognize 
interrupts and process them when it regains control of the 
bus. The WAIT instruction is then refetched, and 
reexecuted. 


TABLE D. 80C86 REGISTER MODEL 


AX 
BX 
CX 
DX 


ACCUMULATOR 
BASE 

COUNT 

DATA 


STACK POINTER 
BASE POINTER 
SOURCE INDEX 
DESTINATION INDEX 


INSTRUCTION POINTER 
STATUS FLAGS 


FLAGSY FLAGS, 


CODE SEGMENT 


Basic System Timing 


Typical system configurations for the processor operating 
in minimum mode and in maximum mode are shown in 
Figures 6A and 6B, respectively. In minimum mode, the 
MN/MxX pin is strapped to VCC and the processor emits bus 
control signals (e.g. RD, WR, etc.) directly. In maximum 
mode, the MN/MxX pin is strapped to GND and the proces- 
sor emits coded status information which the 82C88 bus 
controller uses to generate MULTIBUS™ compatible 
bus control signals. Figure 3 shows the signal timing 
relationships. 


System Timing - Minimum System 


The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low-going) 
edge of this signal is used to latch the address information, 
which is valid on the address/data bus (ADO-AD15) at this 
time, into the 82C82/82C83 latch. The BHE and AO signals 
address the low, high or both bytes. From T1 to T4 the M/IO 
signal indicates a memory or I/O operation. At T2, the 
address is removed from the address/data bus and the bus 
is held at the last valid logic state by internal bus hold 
devices. The read control signal is also asserted at T2. The 
read (RD) signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later, valid data 
will be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns the 
read signal to a HIGH level, the addressed device will again 
three-state its bus drivers. If a transceiver (82C86/82C87) 
is required to buffer the 80C86 local bus, signals DT/R and 
DEN are provided by the 80C86. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The M/IO signal is again asserted 
to indicate a memory or I/O write operation. In T2, 
immediately following the address emission, the processor 
emits the data to be written into the addressed location. This 
data remains valid until at least the middle of T4. During T2, 
T3 and TW, the processor asserts the write control signal. 
The write (WR) signal becomes active at the beginning of T2 
as opposed to the read which is delayed somewhat into T2 
to provide time for output drivers to become inactive. 


The BHE and AO signals are used to select the proper 
byte(s) of the memory/IO word to be read or written accord- 
ing to Table E. 


TABLE E. 


Whole word 

Upper byte from/to odd address 
Lower byte from/to even address 
None 


I/O ports are addressed in the same manner as memory lo- 
cation. Even addressed bytes are transferred on the D7-DO 
bus lines and odd address bytes on D15-D8. 
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80C86 


Voc 0 


82084A/85 
CLOCK 
GENERATOR 


GND 
ae Aig-Al9 
Veo 20 
) 
— (2 
40 
Cl = C2 = O.1uF 
82086 DATA 
RAUSCENENS 
' (2) 
OPTIONAL 
FOR INCREASED HM- 6516 _ HM~ 6616 


DATA BUS DRIVE CMOS PROM (2) | 


CMOS RAM 
PERIPHERALS 


FIGURE 6A. MINIMUM MODE 80C86 TYPICAL CONFIGURATION 


Vee [] 
O ‘ 


82084A /85 
CLOCK 


_GENERATOR 


OT/A 
i owar of 
GNO gy STATE = 
y GENERATOR | 
eee 
=) a 
Veo oS OC cn) (2 OR 3) 
O 
= ec mall IL Bal 
OF g2cg6 
Cl =C2=O0.1yF 


SET nT 


aie 6616 
CMOS PROM (2) 


2K x8 | 2Kx8 


| ry ean 


CMOS RAM 


C 
PERIPHERALS 


FIGURE 6B. MAXIMUM MODE 80C86 TYPICAL CONFIGURATION 
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80C86 


The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 
signal (INTA) is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by inter- 
nal bus hold devices. (See Figure 4). In the second of two 
successive INTA cycles a byte of information is read from 
the data bus (D7-DO) as supplied by the interrupt system 
logic (i.e. 82C59A Priority Interrupt Controller). This byte 
identifies the source (type) of the interrupt. It is multiplied by 
four and used as a pointer into an interrupt vector lookup 
table, as described earlier. 


Bus Timing - Medium Size Systems 


For medium complexity systems the MN/MX pin is con- 
nected to GND and the 82C88 Bus Controller is added to 
the system as well as an 82C82/82C83 latch for latching 
the system address, and an 82C86/82C87 transceiver to 
allow for bus loading greater than the 80C86 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by the 
82C88 instead of the processor in this configuration, 
although their timing remains relatively the same. The 80C86 


status outputs (S2, S1 and SO) provide type-of-cycle 
information and become 82C88 inputs. This bus cycle infor- 
mation specifies read (code, data or !/O), write (data or I/O), 
interrupt acknowledge, or software halt. The 82C88 issues 
control signals specifying memory read or write, I/O read or 
write, or interrupt acknowledge. The 82C88 provides two 
types of write strobes, normal and advanced, to be applied 
as required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not valid at 
the leading edge of write. The 82C86/82C87 transceiver 
receives the usual T and OE inputs from the 82C88 DT/R 
and DEN signals. 


The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can be derived from an 
82C59A located on either the local bus or the system bus. If 
the master 82C59A Priority Interrupt Controller is posi- 
tioned on the local bus, the 82C86/82C87 transceiver must 
be disabled when reading from the master 82C59A during 
the interrupt acknowledge sequence and software ‘‘poll”’. 
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Specifications 80C86 


Absolute Maximum Ratings 


eierece eliotn Baer e cere nas enves ; eanee ee +8.0V 


Supply Voltage 

Input, Output or 1/O Voltage Applied .... GND-0.5V to VCC+0.5V 
Storage Temperature Range ...........0ee00- -659C to +150°C 
Junction Temperature ..... 0... cece cence eee ce ese ees +175°9C 
Lead Temperature (Soldering 10 sec) .........0cce eens +300°C 
ESD ClassiliCalOniu.cc ss ccna bassauwetevece se oeeeaware Class 1 


Reliability Information 


8ja Vic 
27.59C/W 5.99C/W 


Thermal Resistance 
Ceramic DIP Package .............. Sas 


Ceramic LCC Package ............6e085 62.29C/W 8.6°C/W 
Maximum. Package Power Dissipation at +125°9C 
Ceramic DIP Package........ ccc cee es nce eeecneees 620mW 
Ceramic LCC Package ........cccccccccccececcesces 664mW 
Gate CGUNE Sb cn dactu ae ose 14s ieee eaee ciereeees 9750 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage 
M80C86-2 ONLY 


+4.5V to +5.5V 
+4.75V to +5.25V 


een een ease wen eee e eee ese eee 


D.C. Electrical Specifications Vcc = 5.0V + 10%; 
| Voc = 5.0V + 10%; 

Voc = 5.0V + 10%; 

Voc = 5.0V + 5%; 


SYMBOL PARAMETER 


Output High Voltage 


3.0 
Input Leakage Current -1 


IBHH Input Current-Bus Hold High 


ae Output Leakage Current 


ICCSB Standby Power Supply Current 


Operating Power Supply Current 


Capacitance Ta = 25°C 


SYMBOL 


COUT Output Capacitance 
Cl/O 1/O Capacitance 


PARAMETER — 


Input Capacitance 


VIH Logical One 2.0 
Input Voltage 2.2 
Logical Zero Input Voltage Beast faced 
VIHC CLK Logical One Input Voltage Voc -0.8 


ae 
ass 
[vic [eck tesiea! Zero inputvorage |_| 08 
04 


Output Low Voltage ee eee 


0 


AO) 

IBHL Input Current-Bus Hold Low VIN = 0.8V_ (Note 2) 
Meat fea 
ee ee 

a 


TYPICAL UNITS 


Operating Temperature Range: C80C86/-2....... 0°C to +70°C 
IBOGEG/ +2 acd vere eh ieee eee Guest eeu -40°C to +85°C 
M80C86/-2........ ccc eee eee eis iatetendea ~559C to +125°9C 


Ta = 0°C to +70°C (C80C86, C80C86-2) 
Ta = -40°C to +859C (I80C86, I80C86-2) 
Ta = -559C to +1250C (M80C86) 

TA = -55°C to +125°C (M80C86-2) 


TEST CONDITIONS 


V C80C86, 1I80C86 = (Note 5) 

V Ms80C86_ (Note 5) 
fee ee 
aa asl 
a ee 

V IOH = -2.5mA 

V 1IOH ="-100UA 


VIN = GND or VCC DIP 
Pins 17-19, 21-23, 33 
VIN = 3.0V (Note 1) 
VOUT = GND 

(Note 4) 


Voc = 5.5V__ (Note 3) 


FREQ = Max, VIN = VCC or 
GND, Outputs Open 


TEST CONDITIONS 


FREQ = 1MHz. All 
measurements are referenced 
to device GND 


NOTES: 1. IBHH should be measured after raising VIN to Voc and then lowering to 3.0V on the following pins: 2-16, 26-32, 34-39, 
2. !IBHL should be measured after lowering VIN to GND and then raising to 0.8V on the following pins: 2-16, 34-39. 
3. ICCSB tested during clock high time after halt instruction executed. VIN = Voc or GND, Voc = 5.5V, Outputs unloaded. 
4, 10 should be measured by putting the pin in a high impedance state and then driving VoyT to GND on the following 
pins: 26-29 and 32. 
5. MN/MX is a strap option and should be held to Voc or GND. 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications 80C86 


A.C. Electrical Specifications Vcc = 5.0V + 10%; 
VCC = 5.0V + 10%; 
VCC = 5.0V + 10%; 
Voc = 5.0V+ 5%; 


MINIMUM COMPLEXITY SYSTEM 


SYMBOL PARAMETER 


TIMING REQUIREMENTS 


80C86-2 


Ta = 0°C to +700C (C80C86, C80C86-2) 
Tp = -40°C to +85°C (I80C86, I80C86-2) 
TA = -559C to +1250C (M80C86) 

Ta = -55°C to +125°C (M80C86-2) 


80C86 


TEST CONDITIONS 


(1 


— 


(2)} TCLCH CLK Low Time 
(3)} TCHC CLK High Time 4 


(4)| TCH1CH 


T | CLK Cycle Period 125 
| CLK Rise Time 


CLK Rise Time 


(5) TCL2CL CLK Fall Time 
(6)) TDVCL 


| e126 ses 

| 68 

| 44 

eae 

eee esl 

| Datain Setup Time | 20 | 


(7 TCLDX1 
(8)) TRIVCL RDY Setup Time into 5 
82C84A (Notes 1, 2) 
(9)) TCLR1X RDY Hold Time into 


82C84A (Notes 1, 2) 


into 80C86 
into 80C86 


4 
—Ino 


=/u 
Oj}O 
— 
4 
fe) 


200 
118 


From 1.0V to 3.5V 
From 3.5V to 1.0V 


— jou 
OO 


W@W j—{@ 
NjoO}oO 


wo 
© 
= 
On 


‘CMOS MICRO- 


4 
1 
3 
CLK (Note 3 
(13)| THVCH | HOLD Setup Time [ 20 | | 385 
Setup Time (Note 2) 
eee Input Rise Time ne 15 ed 15 oe From 0.8V to 2.0V 
Except CLK 
ss Input Fall Time 15 From 2.0V to 0.8V 
(Except CLK) 
(17)|_ TCLAV_| Address Valid Delay [ 10 | 60 | 10 | 110 | ns | CL = 100pF 
(18){| TCLAX | AddressHold Time | 10 [| | 10 | J ons | 
(19)[ TCLAZ | Address Float Delay | TCLAX | 50 | TCLAX | 80 | ns _ | 
(20) TCHSZ | Status FloatDelay | «(| 50.-| ~~~—~—~*«i| ~~ 60 ~+| ons 
(21)[ TCHSV | Status Active Delay | 70 | 60 | 70 | 110 | ns | 
Oe nn) ee 
(23) ALE ActiveDelay | | 50 | *‘| 60 | ns ‘| 
(24)[ TCHLL [ALE Inactive Delay [| | 55 =|  ~*+i| 85+ sons 
to ALE Inactive 
(26)| TCLDV_| DataValidDelay | 10 | 60 | 10 | 110 | ns | 
(27), TCLDX2 | DataHold Time | 10 | | 10 | | ons | 
After WR 
(29) TCVCTV | Control Active Delayi[ 10 [| 70 | 10 | 110 | ns | 
(30) TCHCTV | Control Active Delayai 10 =| 60 | 10 | 110 [| ns | 
Dela 
ig cae Gr eee ee a De a 
READ Active 
(33| TCLRL | RDActiveDelay | 10 | 100 [ 10 | 165 | ns | 
(34)] TCLRH | RDInactive Delay [ 10 | 80 | 10 | 150 | ons | 
Address Active 
(36)| TCLHAV | HLDA Valid Delay [ 10 | 100 | 10 | 160 | ns | 
(a7 TRURH [ ROWidth {2TCLCL-So} dT ATCLCL-75) | ns 
(38) TWLWH | WRWidth s*(2TCLCL-4Q)— CP PTCLCL-6O]) Ts 
(39)) TAVAL Address Valid to eee oe TCLCH-60 fei ed ‘ 
ALE Low uae 
40] TOLOH | OutputRiseTime | | 15 | ~—~*i| 20 ~+| ns | From0.8Vto20V __ 
‘anf TOHOL TY Output Fait Time Ps 20 ns From 2.007 %0 0.8) 


NOTES: 1. Signal at 82C84A shown for reference only. 


2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 


3. Applies only to T9 state (8ns into T3). 
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Waveforms 
BUS TIMING - MINIMUM MODE SYSTEM 


1 T2 T3 T4 
(1) ; (5) Tw 
TCLCL TCL2CL1 / 


ge 
CLK (82C84A ouTPUT) 


(26 TcLDv}¢— | (17) 
HO TCLAX = - peer 


ao TCLLH 


ALE 
| le Bye: Ae 
view 
new teneersre Note + maxi We ESOuRn 
a 
READY (80C86 INPUT) bao 
3 ; (10) 
TRYHCH 
es TOWEL 
sowany | _X_Beae y K oman] oe 
— (82ITAZRL i a, a (35) 


RD 
(30) 
(WR, INTA = Vow) 
DT/R 
(29) TCVCTV—> 
DEN 


NOTE: 1. Signals at 82C84A are shown for reference only. RDY is sampled near the end of T2, T3, TW to determine if 
TW machine states are to be inserted. 
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Waveforms 
BUS TIMING - MINIMUM MODE SYSTEM (Continued) 


14 T2 T3 Tw Ta 


| 14 5) 
TCH1ICH2 TCL2CL1 


(27) 
TCLDX2 Eee 


athe lige 


tm TWD X (28) 
(31)TCVCTX 
WRITE CYCLE —— | 
(RD, INTA, BEN 
Buea RE | fhe 
TCVCTX (31) 
TOVCL (6). 
“’— TCLDX1(7] 
aE «a a eens mS cae EE 6 Bien whee 
POINTER 4 
TCHCTV (30) 


INTA CYCLE 


. a 
NOTE 1 wa 
st TH 2 
— = ry] ke q 


CMOS MICRO- 
PROCESSORS 


SOFTWARE 


HAE AD45-ADo ee INVALID ADDRESS SOFTWARE HALT 
EN, AD, f 


WR, INTA = Von TCLAV 


DT/R = INDETERMINATE 


NOTE: 1. Two INTA cycles run back-to-back. The 80C86 local ADDR/DATA bus is floating during both INTA 
cycles. Control Signals are shown for the second INTA cycle. 
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Specifications 80C86 


A.C. Electrical Specifications Vcc = 5.0V + 10%; Ta = 0°C to +70°C (C80C86, C80C86-2) 
Voc = 5.0V + 10%; Ta = -40°C to +859C (I80C86, C80C86-2) 
Voc = 5.0V + 10%; Ta = -55°C to +1250C (M80C86) 
Voc = 5.0V + 5%; TA = -559C to +1250C (M80C86-2) 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 


TIMING REQUIREMENTS ~ 80C86-2 


SYMBOL PARAMETER 


80C86 


— 
Oo 
ee } 
77) 


—_ 
—_ 


me : 


UNITS | TEST CONDITIONS 


(1) TCLCL CLK Cycle Period 125 
(2) TCLCH CLK Low Time 

(3) TCHCL CLK High Time 
4)TCH1CH2 CLK Rise Time. 
CLK Fall Time 

: Data in Setup Time 
Data In Hold Time 


RDY Setup Time into 82C84A 
(Notes 1, 2) 


RDY Hold Time into 82C84A 
(Notes 1, 2) 


(10)TRYHCH READY Setup Time into 80C86 
(11)TCHRYX READY Hold Time into 80C86 
(12)TRYLCL READY Inactive to CLK (Note 3) 


(13) TINVCH Setup Time for Recognition 
(INTR,NMI, TEST) (Note 2) 


14) TGVCH RQ/GT Setup Time 
(15) TCHGX RQ Hold Time into 80C86 (Note 4) 


8 


_ 
oO 
(>) 


From 1.0V to 3.5V 
From 3.5V to 1.0V 


= 
© 
— 


G 

+ 

ie) 

c 

NO 

(@) 

_—s 
—s pb 
aS 


oa 
= 
O 
< 
.@) 
~~ 


(7) TCLDX1 
(8) TRIVCL 


—_ 
(=) 
— 
© 


(9) TCLR1X 


—_ 


1 


@ 


— 


oOo 


dk 


5 
30 


io) 
fo) 


40 


(16) TILIH input Rise Time (Except CLK) 
(17) TIHIL Input Fall Time (Except CLK) 


on 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


4 
tk segs 
sleles 

+ 

— 
—_ elag ae 

oie 
ue 


on 


TIMING RESPONSES 


(18) TCLML Command Active Delay (Note 1) 
)TCLMH Command Inactive (Note 1) 


(20)TRYHSH READY Active to Status Passive | 
(Notes 3, 5) 


Status Active Delay 


35 


~~ 
—_ 
is) 

W 

on 


110 ns 


—_ 


0 
10 


10 110 
3 


110 


) TCLSH Status Inactive Delay (Note 5) 
23) TCLAV Address Valid Delay 
24) TCLAX . Address Hold Time 
Address Float Delay 
Status Float Delay 
Status Valid to ALE High (Note 1) 
Status Valid to MCE High (Note 1) 
CLK low to ALE Valid (Note 1) 
CLK low to MCE High (Note 1) 
ALE Inactive Delay (Note 1) 
MCE Inactive Delay (Note 1) 
(33) TCLDV Data Valid Delay 
34) TCLDX2 Data Hold Time 
(35) TCVNV Control Active Delay (Note 1) 


~~ 
Oo 
oak 
o) 


4 
(o>) 

4 Ww 
=) 


—_ 
Oo 


10 


NI NIB 
Sy pe 
+ 

O 

ze 

ee) 

< 


— 
Oo 


TCLAX ns 


26) TCHSZ 
(27) TSVLH 
(28)TSVMCH 

(29) TCLLH 
30)TCLMCH 
31) TCHLL 
32)TCLMCL 


Ded 
oO 


= aw on 


ns CL = 100pF 
for all 80C86 
Outputs (In addition 


to 80C86 self-load) 


cee] 


18 


— 
or 
on 


Oo 


110 


ie] 
= 
+ 
O 
[—~ 
> 
N 


—_ 


0 1 


© 


a 
2) 
ia 
> 
x< 


Bl 
on 
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Specifications 80C86 


TIMING REQUIREMENTS 80C86-2 80C86 


SYMBOL PARAMETER UNITS 


TEST CONDITIONS 
TIMING RESPONSES Senne 
(36) TCVNX Control Inactive Delay (Note 1) 4 
i 5 


(96YTCVNX 10 10 

(37)TAZRL Address Float to Read Active he nd 

(38) TCLRL 10 165 CL = 100pF 
10 150 


40) TRHAV TCLCL 


-40 


RD Inactive to Next Address Active TCLCL 


38)TCLRH RD Inactive Delay 


t a fo ae e lle 


TCHDTH Direction Control Inactive Delay 
(42) (Note 1) 


GT Active Delay 
GT Inactive Delay 


(45) TRLRH RD Width 


(46)TOLOH Output Rise Time 
(47)TOHOL Output Fall Time 


NOTES: 


3 
50 
50 


85 


TCHDTL Direction Control Active Delay 
(41) (Note 1) 


2TCLCL 


BIS oN i 
Road RS! 
44 
QO} 
~ 
G) | @ 
Zrirc 


1 


n 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


ine) 
oO 
Nn 
Oo CT 

O 

— 


—_. 
on 


1. Signal at 82C84A or 82C88 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state (8 nanoseconds into T3). 

4. The 80C86 actively pulls the RQ/GT pin to a logic one on the following clock low time. 

5. Status lines return to their inactive (logic one) state after CLK goes low and READY goes high. 


CMOS MICRO- 
PROCESSORS 
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80C86 


Waveforms 
BUS TIMING - MINIMUM MODE SYSTEM (Using 82C88) 


4 T2 T3 T4 
( 1 J Lae Tc he 
TCLCL 1 Tw 


CLK 
(23) 
TCLAV 


ae a : 
na A ee 


(21) TCHsv | TCLSH Ad 
S2, $4, Sg (EXCEPT HALT) ee ee, = ete 
~ (23)TeLav =m ena ae Lm meee 


TSVLH 
(27) teLtH 
(29} == 
ALE (82C88 OUTPUT) a 


NOTE 1 


RDY (82C84 INPUT) 


READY (80C86 INPUT) 


READ CYCLE 


TCLAV (23) 
AD 75-ADg AD15-ADg DATA IN 
ms = =F 
42 
(41}TCHOTL ‘cuore 
bee (45) 
& TRLRH 

DT/R 

TCLML -+ (18) }-— 

' 82C8B 
OUTPUTS MRDC OR IORC 
SEE NOTES (35 
1,2 TCVNV 


DEN 


TCVNX (36) 


NOTE: 1. Signals at 82C84A or 82C88 are shown for reference only. RDY is sampled near the end of T2, T3, TW to 
determine if TW machine states are to be inserted. 


SE LST 


INTA, and DEN) lags the active high 82C88 CEN. 


3. Status inactive in state just prior to T4. 
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80C8&6 


Waveforms (Continued) 
BUS TIMING - MAXIMUM MODE (USING 82C88) (Continued) 


4 T2 T3 T4 


Tw 


‘: *% p RY 
(21) TcHSV = aa aaa 


or gS eS 


(23} 
WRITE CYCLE TCLAV TCLSH TCLOX2 


a Ge en neal Oe Oe a ee 


DEN 
(19) 
zz (18) TCLML TCLMH 
82C88 
OUTPUTS meets. 
—— fe, % | 
1, 2) 


MWTC OR IOWC 


(SEE NOTE 3) 


INTA CYCLE } ie 
AD15-ADg ae aa a RESERVED FOR ea tp en oe Oey ce ene rs 4 
(SEE NOTES 4, 5) he CASCADE RDO ics ies ess Manas ee aie eae eile aes ee Sea es a s wo” 
(25) TCLAz TcLpx1(7) w” s 
a tamara? fe. 
www TT ih Cc |/8¢ 
a _— Oa 
TSVMCH 
MCE/ 
nee {30)}TCLMCH 


™ TT 
82C88 OUTPUTS — a (1 8) TCLME 
INTA 


(SEE NOTES 1, 2) 


SOFTWARE 


NOTES: 1. Signals at 82C84A or 82C88 are shown for reference only. 


2. The issuance of the 82C88 command and control signals (MROC, MWTC, AMWC, IORC, IOWC, 
AIOWC, INTA and DEN) lags the active high 82C88 CEN. 


3. Status inactive in state just prior to T4. 
4. Cascade address is valid between first and second INTA cycles. 


5. Two INTA cycles run back-to-back. The 80C86 local ADDR/DATA bus is floating during both INTA 
cycles. Control for pointer address is shown for second INTA cycle. 
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80C86 


Waveforms (Continued) 
REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


Any > 0-CLK 
CLK Cycle Cycles 


(43) (44) 
TCLGL 


PULSE 2 
8ocs6 GT 


PULSE 3 
COPROCESSOR 
RELEASE 


PREVIOUS GRANT 


AD4s - ADy 80C86 


RO, TOCK = _TCHszZ (26) _____ see note) cae 
BHE/S7, Ay9/So-A46/S3 


$2, $7, So: " ammonium eon aun amm Ga GE GED co GD GHD GE ome GD a am a aw am aw 


TCHSV(21} 


NOTE: The coprocessor may not drive the busses outside the region shown without risking contention 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


2 1CLK 
Cycle 
CLK 
(13) 
; THVCH 
HOLD 
HLDA 


ADy5 - ADo soceé6 se) 


BHE/S7, A19/S6-A16/S3 


RD, WR, M/iO, DOT/R, DEN ty 


ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 


Any CLK Cycle =| 


~~| jw TINVCH (see note} 


INTR SIGNAL 


NOTE: Setup requirements for asynchronous signals only to guarantee 
recognition at next CLK 
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80C86 


Waveforms (Continued) 


RESET TIMING > 50) 
2 sec 


vcc 


CLK 


(7) TCLDX1 


(6) TDVCL 
RESET 
2 4CLK CYCLES 
A.C. Test Circuit A.C. Testing Input, Output Waveform 
OUTPUT FROM TEST INPUT OUTPUT 
DEVICE UNDER TEST | POINT Vili 4+ om Vin VOH 
of Es 1.5V 1.5V 
6 & 
oa 
VIL - 50% VIL VOL c ro) 
CO” 
=u 
Ng 
g ve) 
oo 
*includes stay and jig capacitance A.C. Testing: All input signals (other than CLK) must switch between 


Vilmax -50% VIL and ViHmin +20% VIH. CLK must switch 
between 0.4V and VCC -0.4. Input rise and fall times are 
driven at ins/V. 
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Burn-In Circuits 


NOTES: 


GND 
GND 
VCL 
GND 
GND 
VCL 
GND 
GND 
GND 
VCL 
VCL 


~ VCL 


OPEN 
OPEN 
OPEN 
OPEN 
GND 
GND 
FO 
GND 


RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 


RC 


1. VCC = 5.5V + 0.5V, GND = OV 


2. Input Voltage Limits (Except Clock): 
VIL (Maximum) = 0.4V 


VIH (Minimum) = 2.6V, VIH(Clock) = (VCC - 0.4V) Min 
. VCC/2 is external supply set to 2.7V + 10% 
VCL is generated on program card (VCC - 0.65V) 
. Pins 13 - 16 input sequenced instructions from internal hold devices. 
. FO = 100kHz + 10% 
. Node @) = a 40us pulse every 2.56ms 
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80C86 


MD80C86 CERAMIC DIP 


vcc |40 


Cc 
+-— GND 
VCC 
RIO 


VCL 
VCC/ 2 
VCC/ 2 
VCC/ 2 
VCC/ 2 | 
VCC/2 
GND 
VCC/ 2 
VCL 
VCL 
VCC/ 2 
VCC/ 2 
VCC/2 
VCC/ 2 
VCC/ 2 
VCC/2 
GND 


.RO 
RO 
RO 
RO 
RO 


RO 
Ri 
RO 
RO 
RO 
.RO 
RO 
RO 
RO 


i VCL 
Bl wove (A) 
FROM 


PROGRAM 
CARD 


| S18 
SISSIES LEqLS] SIS LSI LS] 1118) 8) ) 2) 8) 8] 8] (8) 


COMPONENTS: 

1. Ri = 10kN + 5%, 1/4W 
2. RO = 1.2kQ + 5%, 1/4W 
3. RIO = 2.7kN + 5%, 1/4W 
4. RC = 1k + 5%, 1/4W 
§. C = 0.01 pF (Minimum) 
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Burn-In Circuits (Continued) 


GND 


NOTES: 
1. VCC = 5.5V + 0.5V, GND = OV 
2. Input Voltage Limits (Except Clock): 
VIL (Maximum) = 0.4V 
VIH (Minimum) = 2.6V, VIH(Clock) = (VCC - 0.4V) Min 
. VCC/2 is external supply set to 2.7V + 10% 
. VCL is generated on program card (VCC ~ 0.65V) 
. FO = 100kHz + 10% 
. Node @) =a 40us pulse every 2.56ms 


ao a fk WO 


80C86 


MR80C86 CERAMIC LCC 


r= F=9 ea9 9 ra rs 


1231 6248 1265 8260 8278 1288 


COMPONENTS: 

1. RI = 10kN + 5%, 1/4W 
2. RO = 1.2kN + 5%, 1/4W 
3. RIO = 2.7kN + 5%, 1/4W 
4. RC = 1kN + 5%, 1/4W 
5. C = 0.01 uF (Minimum) 
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80C86 


Metallization Topology 


DIE DIMENSIONS: 
249.2 x 290.9 x 19 + 1 mils 


METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11kA + 2kA 
GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA + 2kA 
DIE ATTACH:. 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.5 x 105 A/cm2 


Metallization Mask Layout 
80C86 


AD11 AD12 ~ AD13 AD14 GND vcc AD15 A16/S3 A17/S4 A18/S5 


' yy, 


AD10 § 


ADS 


—— Se ee ee 


BHE/S7 
| MN/MX 


AD8& 


AD7 


eran 


AD6 RQ/GTO 


ADS § 


RQ/GT1 
AD4 


AD3 LOCK 


° f t 
4 aad 
bs 
| | he 
gaat ase 
4 “EB 
: 
! ae. 


s 
a 
pal 
ale 
* 


ae 5 
na h 
3 alt 


if 


Hs 


AD2 


Wai 
rere 


AD1 


Pedic nn 


ADO pee eC a te 


NMI INTR CLK GND RESET READY TEST QS1 Qso 
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INSTRUCTION SET SUMMARY 


Mnemonic and 
Description Instruction Code 
DATA TRANSFER 
MOV = Move: 76543210 76543210 76543210 76643210 


Register/Memory to/from Register 
Immediate to Register/Memory 
Immediate to Register 

Memory to Accumulator 
Accumulator to Memory 


Register/Memory to Segment Register®* 10001110 mod 0 reg r/m 


Segment Register to Register/Memory 10001100 mod 0 reg r/m 


PUSH = Push: 
mod 110r/m 


Register/Memory 
Register 01010 reg 


Segment Register 000reg 110 


POP = Pop: 
mod000r/m 


Register/Memory 
Register 01011 reg 


Segment Register 000reg111 


CMOS MICRO- 
PROCESSORS 


XCHG = Exchange: 


mod regr/m _ 


Register/Memory with Register 1000011W 
Register with Accumulator 10010reg 


IN = Input from: 
Fixed Port 1110010w 
Variable Port 


OUT = Output to: 
Fixed Port 

Variable Port 1110111w | 
XLAT = Translate Byte to AL 


LEA = Load EA to Register 10001101 
LDS = Load Pointer to DS 11000101 
LES = Load Pointer to ES 11000100 


LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 10011100 
POPF = Pop Flags 
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. INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and ; ma 
Description | 5 | Instruction Code 


ARITHMETIC | 76543210 76543210 76543210 76543210 
ADD = Add: ) 7 
Reg./Memory with Register to Either 000000dw > 3 

Immediate to Register/Memory 100000sw 
immediate to Accumulator 0000010w data | 


ADC = Add with Carry: 


Reg./Memory with Register to Either 000100dw mod reg r/m 
Immediate to Register/ Memory 100000sw_. mod0101r/m data data if s:‘w = 01 


; data | data ifw = 1 


immediate to Accumulator 0001010w . 


INC = Increment: 


Register/Memory -mod000r/m 
Register 01000reg 
‘AAA = ASCII Adjust for Add 00110111 
DAA = Decimal Adjust for Add 00100111 


SUB = Subtract: 


| : 


Reg./Memory and Register to Either 001010 dw mod reg r/m 
Immediate from Register/Memory 100000sw mod 10 1r/m data dataifsw=01 |- 


Immediate from Accumulator 0010110w data data if w = 1 


SBB = Subtract with Borrow 


Reg./Memory and Register to Either 000110dw mod reg r/m 


data data ifs:w = 01 


data ifw = 1 


Immediate from Register/Memory 100000sw modQ111/m — 


immediate from Accumulator 0001110Ww data 


DEC = Decrement: aoe 
Register/Memory 11111141W mod0011/m 


Register 01001 reg 
NEG = Change Sign mod011 r/m 
CMP = Compare: 


i 


Register/Memory and Register 001110dw mod reg r/m 

data 
Immediate with Accumulator 0011110w data data if w = 1 

AAS = ASCII Adjust for Subtract 00111111— 
DAS = Decimal Adjust for Subtract 00101111 
MUL = Multiply (Unsigned) 1111011w 
IMUL = Integer Multiply (Signed) 1111011w 


Immediate with Register/ Memory 100000sw mod 141 1/m 


| 


mod 100r/m 
mod 1011/m 
AAM = ASCII Adjust for Multiply 11010100 00001010 


DIV = Divide (Unsigned) 1111011w mod 110r/m 
IDIV = Integer Divide (Signed) 1111011w mod 1114r/m 
AAD = ASCIl Adjust for Divide 11010101 00001010 
CBW = Convert Byte to Word 10011000 


CWD = Convert Word to Double Word 10011001 


: 
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INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
Description Instruction Code 


LOGIC 76543210 76543210 76543210 76543210 
SHL/SAL = Shift Logical/Arithmetic Left 

SHR = Shift Logical Right 

SAR = Shift Arithmetic Right 

ROL = Rotate Left 

ROR = Rotate Right 

RCL = Rotate Through Carry Flag Left 

RCR = Rotate Through Carry Right 

AND = And: 

Reg./Memory and Register to Either 

Immediate to Register/Memory data ifw = 1 
Immediate to Accumulator 


TEST = And Function to Flags, No Result: 


Immediate to Accumulator 0000110w 


XOR = Exclusive or: 


| dataitw= 1 
Register/Memory and Register 
Immediate Data and Register/Memory = |_1111011w | _modooor/m | _data_— | dataiftw=1 
Immediate Data and Accumulator 
OR = Or: 
Reg./Memory and Register to Either 
Immediate to Register/Memory 
| oo00110w | data | dataiftw=1 | 
Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator | 
STRING MANIPULATION 
REP = Repeat 
MOVS = Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/Word 
LODS = Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A 
CONTROL TRANSFER 
CALL = Call: 
Direct Within Segment |_tito1000 | _disptow _|—_disp-high 
Indirect Within Segment 
Indirect Intersegment 
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PROCESSORS 


80C86 


INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
Description 


JMP = Unconditional Jump: 
Direct Within Segment 

Direct Within Segment-Short 
Indirect Within Segment 


Direct Intersegment 


indirect Intersegment 


RET = Return from CALL: 
Within Segment 


Within Seg Adding immed to SP 
Intersegment 
intersegment Adding Immediate to SP 


JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLE/JNG = Jump on Less or Equal/ 
Not Greater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBE/JNA = Jump on Below or Equal/ 

: Not Above 
JP/JPE = Jump on Parity/Parity Even 


| JO = Jump on Overflow 
JS = Jump on Sign 
JNE/JNZ = Jump on Not Equal/Not Zero 


JNL/JGE = Jump on Not Less/Greater 
or Equal 

JNLE/JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Below/Above 
or Equal 

JNBE/JA = Jump on Not Below or 
Equal/Above 

JNP/JPO = Jump on Not Par/Par Odd 


JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP =. Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 


LOOPNZ/LOOPNE = Loop While Not 
Zero/Equal 
JCXZ = Jump on CX Zero 


INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow — 
{RET = Interrupt Return 


oO 


76543210 76543210 

11101001 | disptow | __disp-high | 
| aitatiit | mod 100r/m 
[| ittoroto | _ offset-tow 


seg-low 


mod 1016r/m 


11000011 
11000010 
11001011 


data-low 


11001010 data-low 


01110100 


a 


01110010 


01110110 


01110000 
01111000 


HH 


disp 
o1110001 | disp 
11100010 
14100001 | disp 


11100000. 
11100011 


11001100 


@ 
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Instruction Code 


disp-high 


offset-high 


80C86 


INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
Description 
PROCESSOR CONTROL 
CLC = Clear Carry 


76543210 


11111000 
CMC = Complement Carry 11110101 


11111001 


STC = Set Carry 


CLD = Clear Direction 11111100 


STD = Set Direction 11111101 


CLI = Clear Interrupt 11111010 


STi = Set Interrupt 11111011 


HLT = Halt 11110100 


WAIT = Wait 


ESC = Escape (to External Device) 11011xxx 


LOCK = Bus Lock Prefix 11110000 


NOTES: 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 

ifd = 1 then “to” reg; if d = 0 then “from” reg 

if w = 1 then word instruction; if w = O then byte instruc- 
tion 

if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0%, disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 
16 bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Di) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 


ifr/m = 011 then EA = (BP) + (DI) + DISP 
ifr/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

ifr/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if re- 

quired) 

*except if mod = 00 and r/m = 110 then EA = disp- 
high: disp-low. 

**MOV CS, REG/MEMORY not allowed. 


Instruction Code 


76543210 


mod xxxr/m 


if s:w = 01 then 16 bits of immediate data form the oper- 
and. 

if s:w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand. 

if v = 0 then “count” = 1; if v = 1 then “count” in (CL) 

x = don’t care 

z is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 


001reg110 


REG is assigned according to the following table: 


16-Bit (w = 1) 


Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 

FLAGS = 
X:X:X:X:(OF):(DF):(1F):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


Mnemonics © Intel, 1978 
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a HARRIS — 


80C88 


February 1992 CMOS 8/16 Bit Microprocessor 


Features 
¢ Compatible with NMOS 8088 


® Direct Software Compatibility with 80C86, 8086, 
8088 


¢ 8 Bit Data Bus Interface; 16 Bit Internal Architecture 
¢ Completely Static CMOS Design 


Description 


The Harris 80C88 high performance 8/16-bit CMOS CPU is man- 
ufactured using a self-aligned silicon gate CMOS process (Scaled 
SAJI IV). Two modes of operation, MINimum for small systems 
and MAXimum for larger applications such as multiprocessing, 
allow user configuration to achieve the highest performance level. 


Full TTL compatibility (with the exception of CLOCK) and 


Po DG ese atavereetesoceusiewcess 5MHz (80C88) _ industry-standard operation allow use of existing NMOS 8088 
PDC oe casadteee an cde Sone noes 8MHz(80C88-2) hardware and Harris CMOS peripherals. 
° Low Power Operation Complete software compatibility with the 80C86, 8086, and 8088 
microprocessors allows use of existing software in new designs. 
PACCSH sows asudcwiis nan Bn steea's 500ypA Maximum 
> ICCOP 2... eee eee scene eee 10mA/MHz Maximum Ordering Information 


e 1 Megabyte of Direct Memory Addressing Capability 
e 24 Operand Addressing Modes 

¢ Bit, Byte, Word, and Block Move Operations 

e 8 and 16 Bit Signed/Unsigned Arithmetic 

¢ Bus-Hold Circuitry Eliminates Pull-up Resistors 

e Wide Operating Temperature Ranges 


PACKAGE| Temp.RANGE | _smiiz | swz__ 


Plastic DIP|_0°G to +700C | CP80C8S_—_—~| CPBOCRS-2 | 


-40°C to +85°C | 1ID80C88 ID80C88-2 
-55°C to+1259C | MD80C88/B MD80C88-2/B 


PLCC 


FC OOCSS sacs che eas wees weeeeats 0°C to +70°C 5962-86016010A os eed 
PW NBOCES ous cee Scbeese eee eek -40°9C to +85°C LCC ~55°C to+1250C | MR80C88/B MR80C88-2/B 
> M80C88...........ccc cence eee ~55°C to+125°0C =| SMD# 5962-8601601XA | - si 
Pinouts  go.eap DIP 44 LEAD PLCC/LCC 
TOP VIEW TOP VIEW 
MIN MAX 
MODE MODE a & B 
© ~ 3] 
GND {1 | 40} Voc MAX MODE <_< < 
ty] 
A14 | 2) 39] A15 ee ~ sae 8@y gw @ & cd 
MINMODE | 2 &¢ &£ &£€ § 2 Y € @ KK @ 
A13 | 3 | 38] A16 /S3 80C88 z =< & 
A12 | 4| A17/S4 3 id 
A11| 5 [36] A18 / SS A10 
A10 | 6 | [35] A19 / S6 rx:) 36 A19 /S6 | A19 /S6 
AQ 134] SSO (HIGH) As 137] Sso (HIGH) 
as [6] [a3] MN /MX ADT 136] MN /MX 
AD7 [9 | [32] RD AD6 
Ap6 [10] 31] HOLD) = (RQ. / GTO) gn 
ADS 30] HLDA (RQ /GT1) aes 
AD4 }12| 29] WR (LOCK) — Ane 
ADS [13] 28] 10 /M (82) por 
AD2 14) “ae R (81) i 
AD1 [15 126] DEN (SO) a 
ADO |16| 25] ALE (QS0) 
NMI 24] INTA (QS1) Hoa MIN MODE 
ae 6b 63 80C88 
INTR 123} TEST | 
MAX MODE 
CLK |19) 22] READY 80C88 
GND [20] 21] RESET 


Copyright ©Harris Corporation 1992 
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80C88 


Functional Diagram 


EXECUTION UNIT BUS INTERFACE UNIT 


RELOCATION 
REGISTER FILE REGISTER FILE 


SEGMENT 
REGISTERS 


POINTER, AND 


INDEX REGS 
(8 WORDS) 


(5 WORDS) 


SS0/HIGH 
16-BIT ALU amr a) A19/56 
A1e/S3 


ce) AD,- ADo 

Ts ) Ag-A15 

[a ) iNTA, AD, WR 

[a ) D1/A, DEN, ALE, 10/%4 


BUS 
INTERFACE 
UNIT 


a Of 
bet Lock Ae S 
NMI On 
aavator em CONTROL & TIMING PZ) as9,08; = - 
a ae 58 
= 

[| S & 


CLK RESET READY MN/MX GND 
Vec 


MEMORY INTERFACE 


INSTRUCTION 
STREAM BYTE 


gus SS 
INTERFACE| —s—sSS_— 
UNIT; dS | EXECUTION UNIT 


CONTROL 
SYSTEM 


ARITHMETIC/ 
LOGIC UNIT 
EXECUTION 

UNIT 
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Pin Description 


The following pin function descriptions are for 80C88 connection to the 80C88. (without regard to additional bus 
systems in either minimum or maximum mode. The “local bus” _ buffers). 
in these descriptions is the direct multiplexed bus interface 


PIN | 
SYMBOL |NUMBER «om DESCRIPTION 
AD7-ADO 1/0 | ADDRESS DATA BUS: These lines constitute the time multiplexed memory/IO address (T1) and data 
(T2, T3, Tw and T4) bus. These lines are active HIGH and are held at high impedance to the last valid 
level during interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”. 


A15-A8 2-8, 39 ADDRESS BUS: These lines provide address bits 8 through 15 for the entire bus cycle (T1-T4). These 
lines do not have to be latched by ALE to remain valid. A15-A8 are active HIGH and are held at high 
impedance to the last valid logic level during interrupt acknowledge and local bus “hold acknowledge” 


or “grant sequence”. 


Ai9/S6, 
A18/S5, 
A17/S4 
A16/S3 


ADDRESS/STATUS: During T1, These are the four most significant address lines for memory opera- 
tions. During I/O operations, these lines are LOW. During memory and I/O operations, status infor- 
mation is available on these lines during T2, T3, 
Tw and T4. S6 is always LOW. The status of the | sa_| so | CHARACTERISTICS 
interrupt enable flag bit (S5) is updated at the 
beginning of each clock cycle. S4 and S3 are Alternate Data 
encoded as shown. Stack 

Code or None 
This information indicates which segment register Data 
is presently being used for data accessing. 


These lines are held at high impedance to the last valid logic level during local bus “hold acknowledge” 
or “grant sequence”. 


OW W 
ONO 
OoOo00°0 


to 


READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, depending 
on the state of the 1O/M pin or S2. This signal is used to read devices which reside on the 80C88 local 
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is guaranteed to remain HIGH in T2 
until the 80C88 local bus has floated. 


This line is held at a high impedance logic one state during “hold acknowledge” or “grant sequence”, 


READY: is the acknowledgement from the addressed memory or I/O device that it will complete the 
data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A clock generator to 
form READY. This signal is active HIGH. The 80C88 READY input is not synchronized. Correct 
operation is not guaranteed if the set up and hold times are not met. 


INTERRUPT REQUEST: is a level triggered input which is sampled during the last clock cycle of each 
instruction.to determine if the processor should enter into an interrupt acknowlege operation. A sub- 
routine is vectored to via an interrupt vector lookup table located in system memory. It can be internally 
masked by software resetting the interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 


TEST: input is examined by the “wait for test” instruction. If the TEST input is LOW, execution contin- 
ues, otherwise the processor waits in an “idle” state. This input is synchronized internally during each 
clock cycle on the leading edge of CLK. 


NONMASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A subroutine 
is vectored to via an interrupt vector lookup table located in system memory. NMI is not maskable inter- 
nally by software. A transition from a LOW to HIGH initiates the interrupt at the end of the current 
instruction. This input is internally synchronized. 


Le] 


wae 
= _ hw) oe) 
=s N is) 


RESET: causes the processor to immediately terminate its present activity. The signal must transition 
LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts execution, as described 
in the instruction set description, when RESET returns LOW. RESET is internally synchronized. 


CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with a 33% 
duty cycle to provide optimized internal timing. 


Vcc VCC: is the +5V power supply pin. A0.1pF capacitor between pins 20 and 40 is recommended for 
decoupling. 
GND GND: are the ground pins (both pins must be connected to system ground). A 0.1yF capacitor between 
pins 1 and 20 is recommended for decoupling. 
MN/MX 33 MINIMUM/MAXIMUM: indicates the mode in which the processor is to operate. The two modes are 


discussed in the following sections. 
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Pin Description 


The following pin function descriptions are for the 80C88 functions which are unique to the minimum mode are 
minimum mode (i.e, MN/MX = VCC). Only the pin described; all other pin functions are as described above. 


MINIMUM MODE SYSTEM 


PIN 
SYMBOL |NUMBER | TYPE DESCRIPTION 


STATUS LINE: is an inverted maximum mode S2. It is used to distinguish a memory access from an I/O 
access. IO/M becomes valid in the T4 preceding a bus cycle and remains valid until the final T4 of the 
cycle (I/O = HIGH, M = LOW). IO/M is held to a high impedance logic one during local bus 

“hold acknowledge”. 


Write: strobe indicates that the processor is performing a write memory or write I/O cycle, depending 
on the state of the |O/M signal. WR is active for T2, T3 and Tw of any write cycle. It is active LOW, and 
is held to high impedance logic one during local bus “hold acknowledge”. 


INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T2, T3 and Tw 
of each interrupt acknowledge cycle. Note that INTA is never floated. 


ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 82C82/82C83 
address latch. It is a HIGH pulse active during clock low of T1 of any bus cycle. Note that ALE is never 
floated. 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use an 82C86/82C87 
data bus transceiver. It is used to control the direction of data flow through the transceiver. Logically, 
DT/R is equivalent to S1 in the maximum mode, and its timing is the same as for 10/M (T = HIGH, 

R = LOW). This signal is held to a high impedance logic one during local bus “hold acknowledge”. 


DATA ENABLE: is provided as an output enabie for the 82C86/82C87 in a minimum system which 
uses the transceiver. DEN is active LOW during each memory and I/O access, and for INTA cycles. For 


aread or INTA cycle, itis active from the middle of T2 until the middle of T4, while for a write cycle, it 
is active from the beginning of T2 until the middle of T4. DEN is held to high impedance logic one during 
local bus “hold acknowledge”’. 


CMOS MICRO- 
PROCESSORS 


HOLD: indicates that another master is requesting a local bus “hold”. To be acknowledged, HOLD 
must be active HIGH. The processor receiving the “hold” request will issue HLDA (HIGH) as an 
acknowledgment, in the middle of a T4 or Tl clock cycle. Simultaneous with the issuance of HLDA the 
processor will float the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it will again drive the 
local bus and control lines. 


Hold is not an asynchronous input. External synchronization should be provided if the system cannot 
otherwise guarantee the set up time. 


STATUS LINE: is logically equivalent to SO in the >—— 

maximum mode. The combination of SSO, |O/M ov | ot | 386 | CHARACTERISTICS | 
and DT/R allows the system to completely 
decode the current bus cycle status. SSO 
is held to high impedance logic one during 


local bus “hold acknowledge”. 


Interrupt Acknowledge 
Read 1/0 Port 

Write I/O Port 

Halt 

Code Access 

Read Memory 

Write Memory 

Passive 


oooonaAaA a 
~=3 00+. 00 
|=-0+:0+(-020 
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Pin Description 

The following pin descriptions are for the 80C88_ pin functions which are unique to maximum mode are 
system in maximum mode (i.e., MN/MX = GND). Only the described; all other pin functions are as described above. 
MAXIMUM MODE SYSTEM 


PIN 
SYMBOL |NUMBER | TYPE DESCRIPTION 


STATUS: is active during clock high of T4, T1 i | leo 
HARACTERISTI 
and T2, and is returned to the passive state . e | CHARACTERISTICS | el 


(1,1, 1) during T3 or during Tw when READY 0 @) 0 Interrupt Acknowledge 
is HIGH. This status is used by the 82C88 6) ‘@) 1 Read I/O Port 

bus controller to generate all memory and !/O 0 1 6) Write I/O Port 

access control signals. Any change byS2,Stor| 0 1 1 Halt 

SO during T4 is used to indicate the beginning of 1 0 z¢) Code Access 

a bus cycle, and the return to the passive state 1 0 1 Read Memory 

in T3 or Twis used to indicate the end of a bus 1 1 re) Write Memory 

cycle. 1 1 1 Passive 


These signals are held at a high impedance logic 
one state during “grant sequence”. . 


REQUEST/GRANT: pins are used by other local bus masters to force the processor to release the local 
bus at the end of the @ processor's current bus cycle. Each pin is bidirectional with ‘RQ/GTO having 
higher priority than RQ/GT1. RQ/GT has internal bus-hold high circuitry and, if unused, may be left 
unconnected. The request/grant sequence is as follows (see RQ/GT Timing Sequence): 


1. Apulse of one CLK wide from another local bus master indicates a local bus request (“hold”) to the 
80C88 (pulse 1). 


. During a T4 or Ti clock cycle, a pulse one clock wide from the 80C88 to the requesting master 
(pulse 2), indicates that the 80C88 has allowed the local bus to float and that it will enter the 

- “grant sequence” state at the next CLK. The CPUs bus interface unit is disconnected logically from 

the local bus during ‘grant sequence”. 


. Apulse one CLK wide from the requesting master indicates to the 80C88 (pulse 3) that the “hold” 
request is about to end and that the 80C88 can reclaim the local bus at the next CLK. The CPU 
then enters T4 (or TI if no bus cycles pending). 


Each master-master exchange of the local bus is a sequence of three pulses. There must be one idle 
CLK cycle after bus exchange. Pulses are active LOW. 


If the request i is made while the CPU is performing amemory cycle, it will release the local bus during 
T4 of the cycle when all the following conditions are met: 


1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. Alocked instruction is not currently executing. 


If the local bus is idle when the request is made the two possible events will follow: 
1. Local bus will be released during the next clock. 

2. Amemory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle 
apply with condition number 1 already satisfied. 


LOCK: indicates that other system bus masters are not to gain control of the system bus while LOCK 
is active (LOW). The LOCK signal is activated by the “LOCK” prefix instruction and remains active until 
the completion of the next instruction. This signal is active LOW, and is held at a high impedance logic 
one state during “grant sequence”. In Max Mode, LOCK is automatically generated during T2 of the 
first INTA cycle and removed during T2 of the second INTA cycle. 


QUEUE STATUS: provide status to allow | CHARACTERISTICS _ 
external tracking of the internal 80C88 ost | ose. elute dled die 
instruction queue. No Operation 

First Byte of Opcode From 
The queue status is valid during the CLK cycle Queue 
after which the queue operation is performed. Empty the Queue 


| Note that the queue status never goes to a Subsequent Byte From 
high impedance state (floated). Queue 


Pin 34 is always a logic one in the maximum mode and is held at a high impedance logic one during a 
“grant sequence”. 
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Functional Description 
Static Operation 


All 80C88 circuitry is static in design. Internal registers, 
counters and latches are static and require no refresh as 
with dynamic circuit design. This eliminates the minimum 
operating frequency restriction placed on _ other 
microprocessors. The CMOS 80C88 can operate from DC 
to the specified upper frequency limit. The processor clock 
may be stoped in either state (high/low) and held there 
indefinitely. This type of operation is especially useful for 
system debug or power critical applications. 


The 80C88 can be single stepped using only the CPU 
clock. This state can be maintained as long as is necessary. 
Single step clock operation allows simple interface circuitry 
to provide critical information for start-up. 


Static design also allows very low frequency operation (as 
low as DC). In a power critical situation, this can provide 
extremely low power operation since 80C88 power dissipa- 
tion is directly related to operation frequency. As the system 
frequency is reduced, so is the operating power until, at a 
DC input frequency, the power requirement is the 80C88 
standby current. 


Internal Architecture 


The internal functions of the 80C88 processor are parti- 
tioned logically into two processing units. The first is the 
Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown in the CPU block diagram. 


These units can interact directly but for the most part per- 
form as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic 
bus control. The overlap of instruction pre-fetching provid- 
ed by this unit serves to increase processor performance 
through improved bus bandwidth utilization. Up to 4 bytes 
of the instruction stream can be queued while waiting for 
decoding and execution. 


The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 1 byte in the queue, the BIU will attempt 
a byte fetch memory cycle. This greatly reduces “dead 
time” on the memory bus. The queue acts as a First-in- 
First-Out (FIFO) buffer, from which the EU extracts instruc- 
tion bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into the queue 
immediately becomes available to the EU. 


The execution unit receives pre-fetched instructions from 
the BIU queue and provides unrelocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. 


Memory Organization 


The processor provides a 20 bit address to memory which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra, and stack segments of up to 64K bytes 


each, with each segment falling on 16 byte boundaries. 
(See Figure 1). ; 


CODE SEGMENT 


XXXXOH 


STACK SEGMENT 


DATA SEGMENT 


+ OFFSET 


SEGMENT 
REGISTER FILE 


EXTRA SEGMENT 


CF 00000H 


FIGURE 1. MEMORY ORGANIZATION 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of prog- 
rams. The segment register to be selected is automatically 
chosen according to specific rules as shown in Table A. All 
information in one segment type share the same logical 
attributes (e.g., code or data). By structuring memory into 
relocatable areas of similar characteristics and by automati- 
cally selecting segment registers, programs are shorter, 
faster, and more structured. 


TABLE A 


MEMORY SEGMENT 
REFERENCE | REGISTER SEGMENT 


NEED USED SELECTION RULE 


Instructions CODE (CS) Automatic with all instruction 
prefetch. 


Stack STACK (SS) All stack pushes and pops. 
Memory references relative to 
BP base register except data — | 
references. . 


Local Data DATA (DS) Data references when: relative to 
stack, destination of string oper- 
ation, or explicitly overridden. 


External Data 
(Global) 


EXTRA (ES) Destination of string operations: 
Explicitly selected using a 
segment override. 


Word (16 bit) operands can be located on even or odd 
address boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in the 
next higher address location. 
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The BIU will automatically execute two fetch or write cycles 
for 16 bit operands. 


Certain locations in memory are reserved for specific CPU 
operations. (See Figure 2). Locations from addresses 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial system initialization routine. 
Following RESET, the CPU will always begin execution at 
location FFFFOH where the jump must be located. Loca- 
tions OOOOOH through OOSFFH are reserved for interrupt 
operations. Each of the 256 possible interrupt service 
- routines is accessed through its own pair of 16 bit pointers 
~- segment address pointer and offset address pointer. The 
first pointer, used as the offset address, is loaded into the IP, 
and the second pointer, which designates the base 
address, is loaded into the CS. At this point program control 
is transferred to the interrupt routine. The pointer elements 
are assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of interrupts. 


Minimum and Maximum Modes 


The requirements for supporting minimum and maximum 
80C88 systems are sufficiently different that they cannot be 
done efficiently with 40 uniquely defined pins. Consequently, 
the 80C88 is equipped with a strap pin (MN/MX) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, the 
80C88 defines pins 24 through 31 and 34 in maximum mode. 
When the MN/MX pin is strapped to VCC, the 80C88 gener- 
ates bus control signals itself on pins 24 through 31 and 34. 


The minimum mode 80C88 can be used with either a multi- 
plexed or demultiplexed bus. This architecture provides the 
80C88 processing power in a highly integrated form. 


Voc 0 
® 


82C84A/85 


CLOCK 
one GENERATOR 


FFFFFH RESET BOOTSTRAP 
FFFFOH PROGRAM JUMP 


TYPE 255 POINTER 
(AVAILABLE) 


AVAILABLE 
INTERRUPT 
POINTERS 
(224) 


TYPE 33 POINTER 
(AVAILABLE) 


TYPE 32 POINTER 
(AVAILABLE) 


TYPE 31 POINTER 
(RESERVED) 
RESERVED 
INTERRUPT 
POINTERS 
(27) 


TYPE 5 POINTER 
(RESERVED) 


TYPE 4 POINTER 
OVERFLOW 


TYPE 3 POINTER 
1-BYTE INT INSTRUCTION 
TYPE 2 POINTER 
NON-MASKABLE 
TYPE 1 POINTER 
SINGLE-STEP 


TYPE 0 POINTER 
DIVIDE ERROR 
beeen 16 BITS —— 


FIGURE 2. RESERVED MEMORY LOCATIONS 


DEDICATED 
INTERRUPT 
POINTERS 
(5) 


[Gs ase anoress 
3 iP OF FSET 


The demultiplexed mode requires one latch (for 64K 
addressability) or two latches (for a full megabyte of 
addressing). An 82C86 or 82C87 transceiver can also be 
used if data bus buffering is required. (See Figure 3). The 
80C88 provides DEN and DT/R to control the transceiver, 
and ALE to latch the addresses. This configuration of the 
minimum mode provides the standard demultiplexed bus 
structure with heavy bus buffering and relaxed bus timing 
requirements. 


a ADDRESS Ltt 
Hh DATA | Bill 


PT IT, 


HM-6616 
CMOS PROM 


nt 


E RD WR 


HM-65162 


82CXX 
CMOS RAM PERIPHERALS 


IRO-7 


FIGURE 3. DEMULTIPLEXED BUS CONFIGURATION 
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The maximum mode employs the 82C88 bus controller 
(See Figure 4). The 82C88 decodes status lines SO, S1 and 
S2, and provides the system with all bus control signals. 
Moving the bus control to the 82C88 provides better source 
and sink current capability to the control lines, and frees the 


80C88 pins for extended large system features. Hardware 
lock, queue status, and two request/grant interfaces 
are provided by the 80C88 in maximum mode. These 
features allow coprocessors in local bus and remote bus 
configurations. 


= a Ne | SE 
} TT 


Vee & C2 


C1 =C2=0.1,F | INT 


82C59A 
INTERRUPT 
CONTROL 


eta eT, qiel 


RD WA 
HM-6616 
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HM-65162 
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82CXX 
PERIPHERALS 


IRO-7 


FIGURE 4. FULLY BUFFERED SYSTEM USING BUS CONTROLLER 


Bus Operation 


The 80C88 address/data bus is broken into three parts: the 
lower eight address/data bits (ADO-AD7), the middle eight 
address bits (A8-A15), and the upper four address bits 
(A16-A19). The address/data bits and the highest four 
adddress bits are time multiplexed. This technique provides 
the most efficient use of pins on the processor, permitting 
the use of a standard 40 lead package. The middle eight 
address bits are not multiplexed, i.e., they remain valid 
throughout each bus cycle. In addition, the bus can be 
demultiplexed at the processor with a single address latch if 
a standard, nonmultiplexed bus is desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3 and T4. (See 
Figure 5). The address is emitted from the processor during 


T1 and data transfer occurs on the bus during T3 and T4. T2 
is used primarily for changing the direction of the bus 
during read operations. In the event that a “Not Ready” 
indication is given by the addressed device, “wait” states 
(Tw) are inserted between T3 and T4. Each inserted “wait” 
state is of the same duration as a CLK cycle. Periods can 
occur between 80C88 driven bus cycles. These are referred 
to as “idle” states (Ti), or inactive CLK cycles. The proces- 
sor uses these cycles for internal housekeeping. 


During T1 of any bus cycle, the ALE (Address latch enable) 
signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status infor- 
mation for the cycle may be latched. 
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FIGURE 5. BASIC SYSTEM TIMING 


Status bits SO, S1, and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table B. 


TABLE B. 


CHARACTERISTICS 


Interrupt Acknowledge 
Read I/O 

Write 1/O 

Halt 

Instruction Fetch 
. Read Data from Memory 
Write Data to Memory 
Passive (No Bus Cycle) 


¢) 
fe) 
0) 
0) 
1 
1 
1 
1 


-"- 0O-~74 0 +~ 0 -+ 0 


= -«- ©§ Oo --- =] 0 0 


Status bits S3 through S6 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. 
S3 and S4 indicate which segment register was used for 
this bus cycle in forming the address according to Table C. 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to 0. 


TABLE C. 


Alternate Data (Extra Segment) 
Stack 

Code or None 

Data 


1/O Addressing 


In the 80C88, I/O operations can address up to a maximum 

of 64K I/O registers. The I/O address appears in the same 

format as the memory address on bus lines A15-A0. The 

address lines A19-A16 are zero in I/O operations. The vari- 

able I/O instructions, which use register DX as a pointer, 

have full address capability, while the direct I/O instructions 

directly address one or two of the 256 I/O byte locations in 

page 0 of the I/O address space. I/O ports are addressed in. 
the same manner as memory locations. 


Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses I/O with an 8 bit 
address on both halves of the 16 bit address bus. The 80C88 
uses a full 16 bit address on its lower 16 address lines. 
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External Interface 
Processor Reset and Initialization | 


Processor initialization or start up is accomplished with acti- 
vation (HIGH) of the RESET pin. The 80C88 RESET is 
required to be HIGH for greater than four clock cycles. The 
80C88 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal reset 
sequence for approximately 7 clock cycles. After this inter- 
val the 80C88 operates normally, beginning with the 
instruction in absolute location FFFFOH (see Figure 2). The 
RESET input is internally synchronized to the processor 
clock. At initialization, the HIGH to LOW transition of RESET 
must occur no sooner than 50us after power up, to allow 
complete initialization of the 80C88. 


NMI will not be recognized if asserted prior to the second 
CLK cycle following the end of RESET. 


Bus Hold Circuitry 


To avoid high current conditions caused by floating inputs 
to CMOS devices and to eliminate the need for pull-up/ 
down resistors, “bus-hold” circuitry has been used on 
80C88 pins 2-16, 26-32 and 34-39 (see Figure 6a and 6b). 
These circuits maintain a valid logic state if no driving 
source is present (i.e., an unconnected pin or a driving 
source which goes to a high impedance state). 


To override the “bus hold” circuits, an external driver must 
be capable of supplying 400”uA minimum sink or source 
current at valid input voltage levels. Since this ‘bus hold” 
circuitry is active and not a “resistive” type element, the 
associated power supply current is negligible. Power dissi- 
pation is significantly reduced when compared to the use of 
passive pull-up resistors. 


Interrupt Operations 


Interrupt operations fall into two classes: software or hard- 
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the instruc- 


EXTERNAL 
PIN 


PROTECTION 
CIRCUITRY 


FIGURE 6A. BUS HOLD CIRCUITRY PIN 2-16, 35-39 


tion set description. Hardware interrupts can be classified 
as nonmaskable or maskable. 


Interrupts result in a transfer of control to a new program lo- 
cation. A 256 element table containing address pointers to 
the interrupt service program locations resides in absolute 
locations 0 through 3FFH (see Figure 2), which are reserved 
for this purpose. Each element in the table is 4 bytes in size 
and corresponds to an interrupt “type”. An interrupting 
device supplies an 8 bit type number, during the interrupt 
acknowledge sequence, which is used to vector through 
the appropriate element to the new interrupt service 
program location. 


Non-maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable inter- 
rupt request (INTR) pin. A typical use would be to activate a 
power failure routine. The NMI is edge-triggered on a LOW 
to HIGH transition. The activation of this pin causes a type 2 
interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any high going transition of NMI 
is latched on-chip and will be serviced at the end of the 
current instruction or between whole moves (2 bytes in the 
case of word moves) of a block type instruction. Worst case 
response to NMI would be for. multiply, divide, and variable 
shift instructions. There is no_ specification on the 
occurrence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high-going 
edge triggers another response if it occurs after the start of 
the NMI procedure. 


The signal must be free of logical spikes in general and be 
free of bounces on the low-going edge to avoid triggering 
extraneous responses. 


EXTERNAL 
PIN 


PROTECTION 
CIRCUITRY 


BUFFER 


FIGURE 6B. BUS HOLD CIRCUITRY PIN 26-32, 34 
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Maskable Interrupt (INTR) 


The 80C88 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The interrupt 
request signal is level triggered. It is internally synchronized 
during each clock cycle on the. high-going edge of CLK. 


To be responded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current instruction 
or the end of a whole move for a block type instruction. INTR 
may be removed anytime after the falling edge of the first 
INTA signal. During interrupt response sequence, further 
interrupts are disabled. The enable bit is reset as part of the 
response to any interrupt (INTR, NMI, software interrupt, or 
single step). The FLAGS register, which is automatically 
pushed onto the stack, reflects the state of the processor 
prior to the interrupt. The enable bit will be zero until the old 
FLAGS register is restored, unless specifically set by an 
instruction. 


During the response sequence (see Figure 7), the proces- 
sor executes two successive (back-to-back) interrupt 
acknowledge cycles. The 80C88 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until T2 
of the second. A local bus “hold” request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external inter- 
rupt system (e.g., 82C59A PIC) which identifies the source 
(type) of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup table. 


An INTR signal left HIGH will be continually responded to 
within the limitations of the enable bit and sample period. 
INTR may be removed anytime after the falling edge of the 
first INTA signal. The interrupt return instruction includes a 
flags pop which returns the status of the original interrupt 
enable bit when it restores the flags. 


Halt 


When a software HALT instruction is executed, the proces- 
sor indicates that it is entering the HALT state in one of two 
ways, depending upon which mode is strapped. In mini- 
mum mode, the processor issues ALE, delayed by one 
clock cycle, to allow the system to latch the halt status. Halt 
status is available on 10/M, DT/R, and SSO. In maximum 
mode, the processor issues appropriate HALT status on S2, 


$1 and SO, and the 82C88 bus controller issues one ALE. 
The 80C88 will not leave the HALT state when a local bus 
hold is entered while in HALT. In this case, the processor 
reissues the HALT indicator at the end of the local bus hold. 
An interrupt request or RESET will force the 80C88 out of 
the HALT state. _ 7 


Read/Modify/Write (Semaphore) Operations Via LOCK 


The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the 
execution of an instruction. This allows the processor to 
perform read/modify/write operations on memory (via the 
“exchange register with memory” instruction), without 
another system bus master receiving intervening memory 
cycles. This is useful in multiprocessor system configura- 
tions to accomplish “test and set lock” operations. The 
LOCK signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deactivated at 
the end of the last bus cycle of the instruction following the 
LOCK prefix. While LOCK is active, a request on a RO/GT 
pin will be recorded, and then honored at the end of the 
LOCK. 


External Synchronization Via TEST 


As an alternative to interrupts, the 80C88 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active 
(LOW). The execution of WAIT does not consume bus 


cycles once the queue is full. 


If a local bus request occurs during WAIT execution, the 
80C88 three-states all output drivers while inputs and I/O © 
pins are held at valid logic levels by internal bus-hold circuits. 
If interrupts are enabled, the 80C88 will recognize interrupts 
and process them when it regains control of the bus. 


Basic System Timing 


In minimum mode, the MN/MX pin is strapped to VCC and 
the processor emits bus control signals (RD, WR, IO/M, 
etc.) directly. In maximum mode, the MN/MxX pin is strapped 
to GND and the processor emits coded status information 
which the 82C88 bus controller uses to generate 
MULTIBUS™ compatible bus control signals. 


FIGURE 7. INTERRUPT ACKNOWLEDGE SEQUENCE 
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System Timing - Minimum System 


The read cycle begins in T1 with the assertion of the address 
latch enable (ALE) signal (See Figure 5). The trailing (low 
going) edge of this signal is used to latch the address informa- 
tion, which is valid on the address data bus (ADO-AD7) at this 
time, into the 82C82/82C83 latch. Address lines A8 through 
A15 do not need to be latched because they remain valid 
throughout the bus cycle. From T1 to T4 the IO/M signal 
indicates a memory or I/O operation. At T2 the address is 
removed from the address data bus and the bus is held at the 
last valid logic state by internal bus-hold devices. The read 
control signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be available on 
the bus and the addressed device will drive the READY line 
HIGH. When the processor returns the read signal to a HIGH 
level, the addressed device will again three-state its bus driv- 
ers. If a transceiver (8B2C86/82C87) is required to buffer the 
local bus, signals DT/R and DEN are provided by the 80C88. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The IO/M signal is again asserted to 
indicate a memory or |/O write operation. In T2, immediately 
following the address emission, the processor emits the data 
to be written into the addressed location. This data remains 
valid until at least the middle of T4. During T2, T3, and Tw, the 
processor asserts the write control signal. The write (WR) 
signal becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide time 
for output drivers to become inactive. 


The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 


(INTA) signal is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by internal 
bus-hold devices (see Figure 6). In the second of two suc- 
cessive INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic (i.e., 
82C59A priority interrupt controller). This byte identifies the 
source (type) of the interrupt. It is multiplied by four and used 
as a pointer into the interrupt vector lookup table, as de- 
scribed earlier. 


Bus Timing - Medium Complexity Systems 


For medium complexity systems, the MN/MX pin is con- 
nected to GND and the 82C88 bus controller is added to the 
system, as well as an 82C82/82C83 latch for latching the sys- 
tem address, and an 82C86/82C87 transceiver to allow for 
bus loading greater than the 80C88 is capable of handling 
(see Figure 8). Signals ALE, DEN, and DT/R are generated by 
the 82C88 instead of the processor in this configuration, al- 
though their timing remains relatively the same. The 80C88 
status outputs (S2, $1 and SO) provide type of cycle informa- 
tion and become 82C88 inputs. This bus cycle information 
specifies read (code, data or I/O), write (data or I/O), interrupt 
acknowledge, or software halt. The 82C88 thus issues control 
signals specifying memory read or write, I/O read or write, or 
interrupt acknowledge. The 82C88 provides two types of write 
strobes, normal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading edge of 
write. The advanced write strobes have the same timing as 
read strobes, and hence, data is not valid at the leading edge 


of write. The 82C86/82C87 tranceiver receives the usual T | 


and OE inputs from the 82C88 DT/R and DEN outputs. 
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FIGURE 8 MEDIUM COMPLEXITY SYSTEM TIMING 
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The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can derive from an 82C59A 
located on either the local bus or the system bus. If the 
master 82C59A priority interrupt controller is positioned on 
the focal bus, the 82C86/82C87 transceiver must be 
disabled when reading from the master 82C59A during the 
interrupt acknowledge sequence and software “poll”. 


The 80C88 Compared To The 80C86 


The 80C88 CPU is an 8 bit processor designed around the 
8086 internal structure. Most internal functions of the 
80C88 are identical to the equivalent 80C86 functions. The 
80C88 handles the external bus the same way the 80C86 
does with the distinction of handling only 8 bits at a time. 
Sixteen-bit operands are fetched or written in two consecu- 
tive bus cycles. Both processors will appear identical to the 
software engineer, with the exception of execution time. The 
internal register structure is identical and all instructions 
have the same end result. Internally, there are three differ- 
ences between the 80C88 and the 80C86. All changes are 
related to the 8 bit bus interface. 


e The queue length is 4 bytes in the 80C88, whereas the 
80C86 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was required 

_ because of the additional time necesssary to fetch 
instructions 8 bits at a time. 


e To further optimize the queue, the prefetching algorithm 
was changed. The 80C88 BIU will fetch a new instruc- 
tion to load into the queue each time there is a 1 byte 
space available in the queue. The 80C86 waits until a 2 
byte space is available. 


* The internal execution time of the instruction set is affect- 
ed by the 8 bit interface. All 16 bit fetches and writes 


from/to memory take an additional four clock cycles. The 
CPU is also limited by the speed of instruction fetches. 
This latter problem only occurs when a series of simple 
operations occur. When the more sophisticated instruc- 
tions of the 80C88 are being used, the queue has time to 
fill and the execution proceeds as fast as the execution 
unit will allow. —— 


The 80C88 and 80C86 are completely software compatible 
by virtue of their identical execution units. Software that is 
system dependent may not be completely transferable, but 
software that is not system dependent will operate equally 
as well on an 80C88 or an 80C86. 


The hardware interface of the 80C88 contains the major 
differences between the two CPUs. The pin assignments 
are nearly identical, however, with the following functional 
changes: 


e A8-A15: These pins are only address outputs on the 
80C88. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner similar 
to the 8085 upper address lines. 


e BHE has no meaning on the 80C88 and has been elimi- 
nated. 


e SSO provides the SO status information in the minimum 
mode. This output occurs on pin 34 in minimum mode 
only. DT/R, 10/M and SSO provide the complete bus sta- 
tus in minimum mode. 


e 1O/M has been inverted to be compatible with the 8085 
bus structure. 


e ALE is delayed by one clock cycle in the minimum mode 
when entering HALT, to allow the status to be latched 
with ALE. 
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Specifications 80C88 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage ....... 0c. cece e eee e cece cecceeeeeeeteees +8.0V Thermal Resistance Gia Bic 

Input, Output or I/O Voltage Applied .... GND-0.5V to VCC+0.5V Ceramic DIP Package...............4. 27.59C/W  5.99C/W 

Storage Temperature Range ............0000- -65°C to +1509C Ceramic LCC Package ..............6- 62.2°C/W 8.6°C/W 

Junction Temperature ........ 0... ccc cece ce eee cece eens +175°C Maximum Package Power Dissipation at +125°9C 

Lead Temperature (Soldering 10 Sec) ........... ee ee eee +300°C Ceramic DIP Package .......... ccc cece ect e eect ee eees 1.82W 

ESD ClassiliG@auon:: sco c den le cae pores hese Rae eee Class 1 Ceramic LCC Package ........... ccc cece cece ees 806mMW 
Gate Count sis sects cs cee Views Obes Gesawe aeee ae end 9750 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range ................eeeeeeee +4.5V to+5.5V Operating Temperature Range 
MB0C88=2 ONIY 20055 ca bte en Desa did abd< +4.75V to +5.25V COOC SSH 2 een sitar sy warden veo ua idan es 0°C to +70°C 
ISOC8B/=2 asad se weno nnd heh ou ee hemes -409C to +85°9C 
MSB0CBS/ > 2iscieicee Ona einde tee ea Ee ves -559C to +125°9C 


D.C. Electrical Specifications Vcc = 5.0V + 10%; 
VCC = 5.0V + 10%; 
VCC = 5.0V + 10%; 
Voc = 5.0V + 5%; 


Output Low Voltage 


IBHH Input Current -40 
Bus Hold High 
IBHL Input current 
Bus Hold Low 
p10 Output Leakage Current 


ICCSB Standby Power Supply 
Current 


Operating Power 
Supply Current 


SYMBOL PARAMETER | min | max | UNITS TEST CONDITIONS 
ER aaa ea a A RE SD PR WS sR ET 


Output High Voltage 3.0 V 
VCC -0.4 V IOH = -100uA 
Input Leakage Current -1.0 


Lb 

oO : 

io) 

~ $ 
E 


Ta = 0°C to +70°C (C80C88) (C80C88-2) 
Ta = -40°C to +85°C (180C88) (180C88-2) 
Ta = -559C to +1250C (M80C88) 

TA = -550C to +1250C (M80C88-2) 


VIH Logical One 2.0 V C80C88, 180C88 (Note 4) re) ” 
Input Voltage 2.2 V M80C88 (Note 4) o fe} 

3 a = i 

VIHC CLK Logical One Input Voltage VCC -0.8V a ra 2 Oo 


IOH = -2.5mA 


VIN = 0.8V 
(Note 2) 


500 MA VCC = 5.5V 
(Note 3) 


Freq = max, 
VIN = GND or VCC, 
Outputs Open 


NOTES: 1. !BHH should be measured after raising VIN to VCC and then lowering to 3.0V on the following pins: 2-16, 26-32, 34-39. 
2. \IBHL should be measured after lowering VIN to GND and then raising to 0.8V on the following pins: 2-16, 35-39. 
3. ICCSB tested during clock high time after HALT instruction execution. VIN = VCC or GND VCC = 5.5V outputs unloaded. 
4. MN/MX is a strap option and should be held to VCC or GND. 
5. !0 should be measured by putting the pin in a high impedance state and then driving Vout to GND on the following 


pins: 26-29 and 32. 
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Specifications 80C88 


Capacitance Ta = 25°C | 


SYMBOL PARAMETER | TYPICAL | UNITS | TEST CONDITIONS 


CIN Input Capacitance FREQ = 1MHz 


5 
All measurements are 
referenced to device GND 
Output Capacitance pF 
1/O Capacitance 


A.C. Electrical Specifications Vcc = 5.0V + 10%; T, = 0°C to +700C (Ct 'C88) (C80C88-2) 
Voc = 5.0V + 10%; Ta = -40°C to +85°C (180C88) (180C88-2) 
Voc = 5.0V + 10%; Ta = -559C to +1250C (M80C88) 


Voc = 5.0V + 5%; TA = -559C to +1250C (M80C88-2) 
PARAMETER 


SYMBOL | MIN | MAX UNITS | TEST CONDITIONS 
12 


Total Maceo 
mrouct | CU oyelePerid | v2 | [200 fins 
ee LL 


MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


@TCwcH | CiKtowTime | 68] | 118 ea 
f@ToHCL | CLK High Time | | | 9] _| aa 
Ue oe ee 
CLK Fall Time i ee 


— 


6) TDVCL Datain Setup Time | 20[ | 
7)TCLDX1 | Data in Hold Time | 10} | 
RDY Setup Time into 35 
82C84A (See Notes 1, 2) 
RDY Hold Time into 
82C84A (See Notes 1, 2) 
TRYHCH READY Setup Time 
(10) into 80C88 
| 20 


oS 
TCHRYX READY Hold Time 30 
( into 80C88 
- 


TRYLCL READY Inactive to 
CLK (See Note 3) 


13)THVCH HOLD Setup Time 
TINVCH INTR, NMI, TEST 1 


eS 
(14) Setup Time (See 


Note 2 

(15) TILIH Input Rise Time | 15 
(Except CLK) 

(16) TIHIL | Input Fall Time 15 
(Except CLK) 


iC) oln~ 
a 

Sal = Or 2 

NX = D < 


From 0.8V to 2.0V 
From 2.0V to 0.8V 
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Specifications 80C88 


A.C. Electrical Specifications Vcc = 5.0V + 10%; Ta = 0°C to +709C (C80C88) (C80C88-2) 
Voc = 5.0V + 10%; Ta = -40°C to +859C (180C88) (I80C88-2) 
Voc = 5.0V + 10%; Ta = -55°C to +125°0C (M80C88) 
Voc = 5.0V + 5%; TA = -559C to +1250C (M80C88-2) 


MINIMUM COMPLEXITY SYSTEM TIMING RESPONSES 


NTCLAV ee 


3)TCLLH ALE Active Delay ec 
4)TCHLL | ALEInactiveDelay [ | 


(25) TLLAX Address Hold Time TCHCL-10 
to ALE Inactive 
(26)TCLDV Data Valid Delay 

(27PCLDX2 | Data Hold Time mace 


TWHDX Data Hold Time TCLCL-30 
2) After WR 
(297 CVCTV Control Active Delay 1 


309 CHCTV Control Active Delay 2 
(31) CVCTX Control Inactive Delay 


(32) TAZRL Address Float to 
READ Active 


TEST CONDITIONS 


or a 


TCHCL-10 
TCLCL-30 


Cy. = 100pF for all 
80C88 Outputs in 


addition to internal 


loads 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


Address Active 


STRLR RD Width 2TCLCL-50 
38/TWLWH WR Width 2TCLCL-40 


(39) TAVAL Address Valid to TCLCH-40 
ALE Low 


40)TOLOH Output Rise Time Mee a 
41)TOHOL Output Fall Time fe 


NOTES: 1. Signal at 82C84A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next clock. 
3. Applies only to T2 state (8 nanoseconds into T3). 


—_ 

(o>) 

—_ ak f ak J ook 
cnt on (o>) af a] a 

nn O;yo] © 


TCLCL-45 


a L-75 
2TCLCL-60 


TCLCH-60 


oi 
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CMOS MICRO- 
PROCESSORS 


80C88 


Waveforms 
BUS TIMING - MINIMUM MODE SYSTEM 


T2 T T T 
tt (4) 5° ° 
TCLCL TCH1CH2 TCL2CL1 / 


CLK (82C84A Output) - 
TCHCTV TCHCTV 
0 a ai ‘on nis a 
a A 
(17) 
—p>| (26) TCLDV 17) 


‘TCLLH 


e—maver| | 


ALE 


Vin 


MSSENOTES 1 NW @ a SSO 
SEE NOTES 1, 2 th = | K\ NN a \ 
| 
TRYLCL {12} 
seespaseeieas Tae 
TCHRYX 
(10) 
ees 
6} 
(19} TCLAZ TOVCL— 
(32) TAZRL 
RD 
READ CYCLE 
(WR, INTA = Von) 
DT/R 
(29} TCVCTV—> 
DEN 


NOTES: 1. RDY is sampled near the end of T2, T3, Tw to determine if Tw machine states are to be inserted. 
2. Signals at 82C84A are shown for reference only. 
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80C88 


Waveforms (Continued) 
BUS TIMING - MINIMUM MODE SYSTEM (Continued) 


Ty (4) =f (5) 7 Tw V4 
TCHICH2 YCL2CL1 / 


CLK (82C84A OUTPUT) 


AO, - ADy 


(28) TWHOX 
(31) TCVCTX 


WRITE CYCLE DEN 
Te = 
TWLWH 
i ~_ 
TCVCTX —=| (31) 
(6}|-— Tove. —o <— TCLDX1 (7) 


tenctv (30) 


ora 


INTA CYCLE _ = <1 
_. ___ (Note 1) 
(RD, WR = Vow) Ee os 
iNTA 


CMOS MICRO- 
PROCESSORS 


SOFTWARE HALT - 


BENAD.WRINTA = Von AD; ~ ADp a INVALID ADDRESS SOFTWARE HALT 


(17)TCLAV — 


ean = TCHLL (24) 
* | = 
pon tovcrx (31) 
10/M 
7 nn \ 
sso 


——p-| i 
TCHCTV 
(30) 


NOTES: 1. Two INTA cycles run back-to-back. The 80C88 local ADDR/DATA bus is floating during both INTA cycles. 
Control Signals are shown for the second INTA cycle. 


2. Signals at 82C84A are shown for reference only. 
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Specifications 80C88 


A.C. Electrical Specifications Voc = 5.0V + 10%; Ta = 0°C to +70°C (C80C88) (C80C88-2) 
Voc = 5.0V + 10%; Ta = -40°C to +85°C (180C88) (I80C88-2) 
Voc = 5.0V + 10%; Ta = -55°C to +1250C (M80C88) 
Voc = 5.0V + 5%; T, = -55°C to +125°C (M80C88-2) 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) TIMING REQUIREMENTS 


80C88-2 80C88 
SYMBOL PARAMETER win] max. | MN | max | UNITS TEST CONDITIONS 
Tec. | CLK Cycle Pecan =| a5 — | S| Sts {|| ls Sf 
(2)TCLCH | CLK Low Time ee es ks Ge Es 
@ TCHCL —| CLK Figh Time} aa 8 i 
4fCHICH2 | CLK Rise Time FT tO 0 ins ss From 1.0V to 3.5V 
eoLacut | GUK Fal tme | | 0 | | 10] re | Froma.svie 1.04 
(6) TOVCL | Data in Setup Time ee ee ca 
(7)tCLDX1 | Data in Hold Time 


(8)TRIVCL RDY Setup Time into 
82C84 (See Notes 1, 2) 
(Q9)TCLR1X RDY Hold Time into 
82C84 (See Notes 1, 2) 
(10)TRYHCH | READY Setup Time 
into 80C88 
(1 1)TCHRYX READY Hold Time 
into 80C88 
(12)TRYLCL | READY Inactive to 
CLK (See Note 3) 
(13)TINVCH | Setup Time for 
Recognition (INTR, 
NMi, T ) (See 
Note 2) 
(14)TGVCH | RO/GT Setup Time 
(15)TCHGX | RQ Hold Time into ae 10 | 39} ap 
80C88 (See Note 4) 
Input Rise Time -rom 0. —— to 2.0V 
(Except CLK) 
Input Fall Time icone 2.0V to 0.8V 
(Except CLK) 


— 
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Specifications 80C88 


A.C. Electrical Specifications Vcc = 5.0V + 10%; Ta, = 0°C to +70°C (C80C88) (C80C88-2) 
VCC = 5.0V + 10%; Tp = -409C to +85°C (180C88) (180C88-2) 
Voc = 5.0V + 10%; Ta = -55°C to +1250C (M80C88) 
Voc = 5.0V + 5%; T, = -55°C to +1250C (M80C88-2) 


MAX MODE SYSTEM (USING 82C88 BUS ee TIMING RESPONSES 


| gocas-2 2 | = gocss 
SYMBOL PARAMETER | oMIN- [| MAX [ MIN | MAX UNITS TEST CONDITIONS 
Command Active 
Delay (See Note 1) 
Command Inactive 
Delay (See Note 1) 
oy RYHSH READY Active to Status 
Passive (See Notes 3, 5) 


21)TCHSV Status Active Delay 


22)TCLSH Status Inactive Delay 
(See Note 5) 


pA SAN etisalat Spe ec ae ae ae a ae 


24 a Address Hold Time 


25) TCLAZ Address Float Delay _ TCLAX a. a 
26) TCHSZ Status Float Delay : 


(27) TSVLH Status Valid to ALE 
High (See Note 1) 
Pes Status Valid to MCE 30 
High (See Note 1) 
SIO CLK Low to ALE Valid 20 20 
(See Note 1) 
(30)TCLMCH | CLK Low to MCE High 
(See Note 1) 
(31) TCHLL ALE Inactive Delay 
(See Note 1) 
TCLMCL MCE Inactive Delay C, = 100 pF for all 
(32) (See Note 1) 80C88 Outputs in 


SOTCLBV | Data Vaid Delay [OO mete sation ere oes 
ATCLDXE | Data How Teme Po Yo 


(35)TCVNV Control Active Delav 
(See Note 1) 
(36) TCVNX Control Inactive 
Delay (See Note 1) 
(37) TAZRL Address Float to 
Read Active 
(38)TCLRL__| RD Active Delay | to | too || tT 
(39)TCLRH_ _|_RD Inactive Delay acca | prac | 


(40) TRHAV RD Inactive to Next TCLCL-40 TCLCL-45 
Address Active 

(41)TCHDTL | Direction Control 

; Active Delay (See 

Note 1) 

(42)TCHDTH | Direction Control 
Inactive Delay 
(See Note 1) 


(43)TCLGL GT Active Delay 
(44)TCLGH _|_ GT Inactive Delay eae eee lees eee et 


(45)TRLRH RD Width 2TCLCL-50 eee 2TCLCL-75 6 
(46)TOLOH Output Rise iene a i ee Pe From 0.8V to 2.0V 


NOTES: 


arsl 8] al a 
4 
—{ 3 
Oo] Oo 
a 
=| <= 
= 2 (a 


~_~ 


vit 


_ 


. Signal at 82C84A or 82C88 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next clock. 
. Applies only to T2 state (8 nanoseconds into T3). 
. The 80C88 actively pulls the RQ/GT pin to a logic one on the following clock low time. 
. Status lines return to their inactive (logic one) state after CLK goes low and READY goes high. 


ahONM — 
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CMOS MICRO- 
PROCESSORS 


Waveforms 


80C88 


BUS TIMING - MAXIMUM MODE (USING 82C88) 


(i) (4) Te. 6 Ts T, 
TCLCL ieee TCL2CL1 7, 
CLK . 
(23) | (3) 
TCLAV a, 
QSp, QS, 


Sz, Sy, So (EXCEPT HALT) 


Spec pe =, 
ee es a a sae 


Asse Li ee a ee a 
(23) (24) 
TCLAV TCLAX iGiay 
ress, TT Tove’ XP Tes TD 
(27) TSVLH 
(29) TCLLH 
ALE ( 82C88 OUTPUT) 
SEE ~ ws to a 
NOTES 1,2 | Iver Sai pea 
KY ‘\ \\ \\ 
READY (80C88 INPUT) 
a e TCLAX 
READ CYCLE (23) 
ee, 7 TCLAV TORRE TDVCL TCLDX1 
sorts ap aay 
ee Pa pain alltel (40) 
RD . 
Pm al 
a) ENS 
TCHDTL (4) inane 
OTR E 
(18) TCLML 
82C88 OUTPUTS J 


SEE NOTES 2, 4 


f™ 


NOTES: 1. 
2. 
3. 


4. 
' INTA and DEN) lags the active high 82C88 CEN. 


(35) TCVNV 


= 
eee eee 


TCVNX A 


RDY is sampied near the end of T2, T3, Tw to determine if Tw machine states are to be inserted. 


Signals at 82C84A or 82C88 are shown for reference only. 
Status inactive in state just prior to T4. 
The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, 
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80C88 


Waveforms (Continued) 
BUS TIMING - MAXIMUM MODE SYSTEM (USING 82C88) (Continued) 


T, T2 T; T 4 
Tw 


TCLOV. TCLSH 
WRITE CYCLE (23) TCLAV ie TCLAX 


TCVNX 
(35) 
18) 19 


82C88 OUTPUTS 
SEE NOTES 1,2 } AMWC OR AIOWC 


MWTC OR IOWC 


CLK 


TCLOX2 


oO 
m 
2 


INTA CYCLE 
TCLDX1 {7} 


Ais - Ag RESERVED FOR 
(SEE NOTES 4, 5) CASCADE ADOR 2) 
RECEES | a ( ponter |) ~ 
| — (42) 
a 
Cty — TCLMH (19) 


I Ne TCVNxX (36) 


CMOS MICRO- 
PROCESSORS 


(28) TSVMCH 


MCE. 


PDEN (30) TCLMCH 


DTR 


82C88 OUTPUTS 
SEE NOTES 1, 2, 4 iNTA 


INVALID ADDRESS 


(22) 
TCHSV TCLSH 


NOTES: 1. Signals at 82C84A or 82C88 are shown for reference only. 


2. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, 
INTA and DEN) lags the active high 82C88 CEN. 


3. Status inactive in state just prior to T4. 
4. Cascade address is valid between first and second INTA cycles. 


5. Two INTA cycles run back-to-back. The 80C88 local ADDR/DATA bus is floating during both INTA cycles. 
Control for pointer address is shown for second INTA cycle. 


3-171 


80C88 


Waveforms (Continued) 
~- REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


Any CLK Cycle > 0-CLK Cycle 
CLK 
(44) (14) 43 
TCLGH }—> tay 15) *TCLGL= TCLGH [44] 
Rear y { PULSE 2 
RQGT PULSE 1 80C88GT PULSE 3 
COPROCESSOR COPROCESSOR 
Previous grant Ra TcLaz (25) RELEASE 
AisAs 
AD,-AD, . -80C88 = COPROCESSOR 
RB, COCK sa TCHSZ __ (SEENOTE 1) 0 ype tcusy (21) 
Aig/Se-Aie/S3 (2 
S., $1, So => GED ome ann Gm cm eam GE Glee GEE GND CED GN aR GD Oe oe GD ea eine 


NOTE: The coprocessor may not drive the busses outside the region shown without risking contention 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


1 OR 2 CYCLES 
(13) 
1 THVCH 


T 


(4 
CLHAV (36) 
(eee 


Ais-Ag Ce ee ee eee 


COPROCESSOR. 80C88 
AD,-AD, _ a 
(21) 
Arg/Se-Aie/S3 TCHSV 
RD, WR, lO/M, DT/R, DEN, SSO oe am ome ome ee a Ee ee Ge ae ee ee ee ee ee oe eee oe | ee 
NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK 
ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 


Any CLK Cycle» Any CLK cycle->| 
CLK an eidfaarent 
(13) 
NMI TINVCH (see note 1) 
TCLAV~<— (23) (23) —>TCLAV=— 
INTR § signal soK 
TEST 


NOTE: Setup requirements for asynchronous signals only to guarantee 
recognition at next CLK 
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Waveforms (Continued) 
RESET TIMING 


vcc 
RESET 


A.C. Test Circuit 
OUTPUT FROM TEST 


DEVICE UNDER TEST | POINT 
C 


L* 


*Iincludes stay and jig capacitance 


nea > 50usec 


(7} TCLDx1 
(6) TOVCL 


80C88 


2 4CLK CYCLES 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
VIH + 20% VIH VOH 
1.5V 1.5V 
VIL - 50% VIL VOL 


AC. Testing: All input signals (other than CLK) must switch between 
Vilmax -50% VIL and ViIHmin +20% VIH. CLK must switch 
between 0.4V and VCC -0.4V. Input rise and fali times are 
driven at 1ns/V. 
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4 2 
aS 
OO” 
S 0) 
yy 
eRe) 
oF 


80C88 


Burn-In Circuits MD80C88 (CERAMIC DIP) 
ct "Seal GND 
GND 4 | 40] vec 
@np BIO 2 | 39] RIO. ve 
ve. 22 3] 38}. vey 2 
end £0 4 | RO vec; 2 
Gnp 22 rs | RO vec 2 
ver 22 —| 6 | 35 RO vecy2 
eno £2 RO vecy2 
RIO 
GND GB 33 GND 
Gnp 22 ra] RO vy 
RIO RI 
VCL 110) 31] VCL 
vet 2 1] 30] RO" cL 
ve, 22 12, 29] RO vec; 2 
OPEN 13] 28 = VCC/ 2 
OPEN 14) VCC/ 2 
OPEN 15] 26 = VCC/ 2 
OPEN 16) 25) VCC/ 2 
GND 2a] BO. vecy2 
GND = ra] 23) = GND 
FO 19] 22] VCL. 
A wooe © 
ox ———fzo] co _ reser Ei}-w— n5 
PROGRAM 
CARD 


ee re re ee ee re ee ee ee es 
11811198 1200 1211 1221 1231 1241 1251 1261 1278 1281 


GND 


NOTES: 
1. VCC = 5.5V + 0.5V, GND = OV 
2. Input Voltage Limits (Except Clock): 

VIL (Maximum) = 0.4V 

VIH (Minimum) = 2.6V, VIH(Clock) = (VCC - 0.4V) Min 


3. VCC/2 is external supply set to 2.7V + 10% COMPONENTS: 

4. VCL is generated on program card (VCC - 0.65V) 1. RI = 10kQ + 5%, 1/4W 

§. Pins 13 ~ 16 input sequenced instructions from internal hold devices, 2. RO = 1.2kN + 5%, 1/4W 
(DIP Only). 3. RIO = 2.7kD + 5%, 1/4W 

6. FO = 100kHz + 10% 4. RC = 1kN + 5%, 1/4W 

7. Node (@) = a 40us pulse every 2.56ms 5. C = 0.01 pF (Minimum) 
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80C88 


Metallization Topology 


DIE DIMENSIONS: 
249.2 x 290.9 x 19 + 1 mils 


METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11kA + 2kA 
GLASSIVATION: 
Type: SiOo 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
1.5 x 105 A/cm2 


Metallization Mask Layout 


Alt A12 A13 A14 GND vec "A118 A16/S3 A17/S4 A18/S5 


a?) 
a] O ec 
A19/S6 oe ro) 
A10 | oO “) 
Ss V) 
li 
aoe —_ YO 
SSO 2 re) 
MN/MX rs) 7 
A8& | 
RD 
AD7 
HOLD 
AD6 
ADS wh 
J 1 HLOA 
A 
AD4 pene 
; | ere 
jaan 
AD3 & ee | ad ie 
Nitta WR 
| Jee 
Ni 
‘iY SS - ‘ : a teareeerivecedes - 
= : CL ar 23 
AD2 & —— | tie | Eeranannnanna i Unt: es nd 10/M 
i Sasi ene enn — 
ve = : Ss : ee 
AD1 a, _ = : 
E _ : DT/A 
ito S 
= i 
a) s : 
fs Oe 17 t i | cz | 
a Tre = ae Soe te ge ee vd ’ 
—— —pe . | 
Ape si on | Ex of | aii; fot 1 cz) Oe can oo | ey 


o 
m 
2 


NMI INTR CLK GND RESET READY TEST INTA ALE 
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80C8&8 


Instruction Set Summary 


Mnemonic and 
Description instruction Code 


DATA TRANSFER 
MOV = Move: 76543210 76543210 76643210 76643210 


Register/Memory to/from Register 

Immediate to Register/Memory | 1100011w | ~=modooorvm | datas |] dataitwi 
Accumulator to Memory 

Register/Memory to Segment Register’° 

Segment Register to Register/Memory 


PUSH = Push: 

Register/Memory mod 110r/m 
Register 01010reg 

Segment Register 000reg110 


POP = Pop: 
Register/Memory 


mod000r/m 


Register 


Segment Register 000reg111 


XCHG = Exchange: | 
Register/Memory with Register 100001iw mod reg r/m 
Register with Accumulator 1001 0reg 


IN = Input from: 
Fixed Port 
Variable Port 


: 
a 


OUT = Output to: 
Fixed Port 
Variable Port 
XLAT = Translate Byte to AL . 11 01 0111 

LEA = Load EA to Register 10001101 mod reg r/m 
LDS = Load Pointer to DS 11000101 mod reg r/m 
LES = Load Pointer to ES 11000100 mod reg r/m 
LAHF = Load AH with Flags 10011111° 

SAHF = Store AH into Flags 
PUSHF = Push Flags 10011100 
POPF = Pop Flags 10011101 


| 
pa S 
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80C88 


Instruction Set Summary (Continued) 


Mnemonic and | 
Description | instruction Code 
ARITHMETIC 766843210 765843210 76543210 76543210 
ADD = Add: 
Reg./Memory with Register to Either 000000dw mod reg r/m 
Immediate to Register/Memory 100000sw mod 000r/m data if s:w = 01 


Immediate to Accumulator 0000010w data data ifw = 1 


ADC = Add with Carry: 
Reg./Memory with Register to Either 000100dw mod reg r/m 


mod010r/m data data if s:iw = 01 
data data ifw = 1 


Immediate to Register/ Memory 100000sw 


immediate to Accumulator 0001010w 


INC = Increment: 


Register/Memory 
Register 
AAA = ASCIt Adjust for Add 
DAA = Decimal Adjust for Add 


SUB = Subtract: 
Reg./Memory and Register to Either 001010dw mod reg r/m 


immediate from Register/Memory 100000sw mod 101¢r/m data if s:w = 01 
Immediate from Accumulator 0010110w data data ifw = 1 


SBB = Subtract with Borrow 


PROCESSORS 


CMOS MICRO- 


Reg./Memory and Register to Either 000110dw mod reg r/m 


Immediate from Register/Memory 100000sw mod0111r/m data if s:w = 01 
Immediate from Accumulator 0001110w data 


DEC = Decrement: 
Register/Memory 111111w mod 00 11/m 


CMP = Compare: 

Register/Memory and Register 

Immediate with Register/Memory 
Immediate with Accumulator 

AAS = ASCII Adjust for Subtract 

DAS = Decimal Adjust for Subtract 


MUL = Multiply (Unsigned) 1111011w 
IMUL = Integer Multiply (Signed) 11411011W 
AAM = ASCIi Adjust for Multiply 
DIV = Divide (Unsigned) 1111011w 
(DIV = Integer Divide (Signed) | 4411011w | modi1ir/m | 
AAD = ASCIl Adjust for Divide 
CBW = Convert Byte to Word [10011000 | 

CWD = Convert Word to Double Word 


ni 
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80C88 


Instruction Set Summary (Continued) 


Mnemonic and 
Description 


LOGIC 
NOT = Invert 


SHL/SAL = Shift Logical/Arithmetic Left 


SHR = Shift Logical Right 
SAR = Shift Arithmetic Right 
ROL = Rotate Left 

ROR = Rotate Right 


RCL = Rotate Through Carry Flag Left 


RCR = Rotate Through Carry Right 


AND = And: 
Reg./Memory and Register to Either 
Immediate to Register/ Memory 


immediate to Accumulator 


TEST = And Function to Flags, No Result: 


Register/Memory and Register 


_Immediate Data and Register/Memory 


immediate Data and Accumulator 
OR = Or: 
Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 

| XOR = Exclusive or: 
Reg./Memory and Register to Either 
Immediate to Register/ Memory 


Immediate to Accumulator 


STRING MANIPULATION 

REP = Repeat 

MOVS = Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/Word 

LODS = Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A 
CONTROL TRANSFER 

CALL = Call: 

Direct Within Segment 

Indirect Within Segment 


Direct Intersegment 


Indirect Intersegment 


76543210 76543210 
mod0 10r/m 
mod 10 0r/m 
mod 101r/m 


110100vw. 
110100vw 


110100vw mod 1116r/m 


instruction Code 


76543210 


110100vw mod000r/m 
mod001r/m 
110100vw mod 0 10r/m 


110100vVw mod011r/m 


001000dw mod reg r/m 
1000000w mod 100r/m 


data 


76543210 


dataifw = 1 


0010010w data 


1000010w mod reg r/m 


1111011w mod 000r/m 
1010100w data 


data ifw = 1 


data 


data ifw = 1 


000010dw 
1000000w mod0011r/m 


mod reg r/m 


data 


dataifw= 1 


0000110w data 
001100dw mod reg r/m 
1000000w mod 110r/m 


0011010WwW data 


1111001z 


1010010w 


1010111w 
1010110w 


11101000 


data ifw = 1 


data 


disp-high 


dataifw = 1 


11111111 mod0101r/m 
10011010 offset-low 
seg-low 


mod 0 111/m 


3-178 


offset-high 


~ geg-high 


80C88 
Instruction Set Summary (Continued) 


Mnemonic and 
Description Instruction Code 


JMP = Unconditional Jump: 76543210 76543210 76543210 


disp-high 


Direct Within Segment 11101001 
Direct Within Segment-Short 11101011 
mod 100r/m 


. Offset-low Otfset-high 


seg-low seg-high 


Indirect Within Segment 11111411711 


Direct Intersegment 11101010 


Indirect Intersegment 11111111 mod1011r/m 


RET = Return from CALL: 
Within Segment 11000011 


Within Seg Adding Immed to SP 11000010 


data-low data-high 


Intersegment 11001011 


Intersegment Adding Immediate to SP 11001010 data-high 
JE/JZ = Jump on Equal/Zero 01110100 | disp si 
JL/JNGE = Jump on Less/Not Greater 1111100 | disp 
or Equal : L 0 6 on 
JLE/JNG = Jump on Less or Equal/ 01111110 [disp & re) 
Not Greater 4 Ht 
JB/JNAE = Jump on Below/Not Above 01110010 [ disp sid = Lu 
or Equal rs S) 
Not Above rs x 
JP/JPE = Jump on Party/Parity Even 
JO = Jump on Overflow 01110000 | disp 
JS = Jump on Sign c1111000.. |. dep. 
JNE/JNZ = Jump on Not Equal/Not Zero 01110101 | disp 
or Equal 
Greater 
or Equal 
JNBE/JA = Jump on Not Below or ; 
Equal/Above 01110111 disp 
JNP/JPO = Jump on Not Par/Par Odd disp 
JNO = Jump on Not Overflow 01110001 | disp  —i 
JNS = Jump on Not Sign 01111001 | disp 
LOOP = Loop CX Times 11100010 | ~~ disp —s 
LOOPZ/LOOPE = Loop While Zero/Equal 11100001 | disp 
LOOPNZ/LOOPNE = Loop While Not 11100000. | dsp 


Zero/Equal 
JCXZ = Jump on CX Zero 


INT = Interrupt 
Type Specified 11001101 type 
Type 3 11001100 

INTO = Interrupt on Overflow 


| IRET = Interrupt Return 
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80C88 


Instruction Set Summary (Continued) 


Description 
PROCESSOR CONTROL 
CLC = Clear Carry 
CMC = Complement Carry . 
STC = Set Carry 
CLD = Clear Direction 


STD = Set Direction 
CLI = Clear Interrupt 


76543210 


11110101 


STI = Set Interrupt 
HLT = Halt 
WAIT = Wait 


ESC = Escape (to External Device) 
LOCK = Bus Lock Prefix 


NOTES: 

AL = 8-bit accumulator 

AX = 16-bit accumulator © 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 

ifd = 1 then “to” reg; if d = 0 then “from” reg 

if w = 1 then word instruction; if w = 0 then byte instruc- 
tion 


11110000 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0°, disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 


16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-low 
if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (DI) + DISP 


if r/m = 010 then EA = (BP) + (Si) + DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 
ifr/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if re- 
quired) 
*except if mod = 00 and r/m = 110 then EA = disp- 
high: disp-low. 
**MOV CS, REG/MEMORY not allowed. 
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| asotixxx | modxxxr/m 


Instruction Code 


76543210 


if s:w = 01 then 16 bits of immediate data form the oper- 
and. 

if sw = 11 then an immediate data byte is sign extended 
to form the 16-bit operand. 

if v = 0 then “count” = 1; if v = 1 then “count” in (CL) 

x = don’t care 

z is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 


0011reg 110 


REG is assigned according to the following table: 


16-Bit(w = 1) | 8-Bit(w = 0) 


Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 

FLAGS = 
X:X:X:X:(OF):(DF):(1F):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


Mnemonics © intel, 1978 
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CDP1800-Series CMOS Peripherals 


Can be used with CMOS and NMOS Processors 


MICROPROCESSOR BUS 


MULTIPLEXED NONMULTIPLEXED 


INTEL/ ROCK- 
INTEL NSC ZILOG WELL 
(NOTE 2) 
80C48, 80C51 8085 FANOUT 
DESCRIPTION AND 1800 68HCO5 | 8049,80C49 | 80C85 6502 INPUT 
RCA VO TYPE FUNCTION SERIES 6805 NSC800 


65C02 | LEVELS} LOADS) 


CDP1851 Programmable V/O Port 
CDP1852 | Byte-Wide /O For 


CDP1857 4-Bit Bus Buffer/ Yes 
Separator 


CDP1872 8-Bit Input Port 
CDP1874 8-Bit Input Port 
CDP1875 8-Bit Input Port 


7-Bit Latch/Decoder 


CDP1854A UART 
(Note 3) 


NOTES: 
1. Yes but requires additional “glue parts”. 
2. 1 TTL load, i.e., < 0.4V at 1.6mA 


3. Operating in 1800 compatible mode (mode 1). Otherwise see CDP6402 for mode 0 information. 


” 
fe) 
= 
) 


PERIPHERALS 


 80CXXX Family 
Peripheral Cross Reference 


M5M82C37A-4, -5 | VL82C37A-4 TMP82C37A-5 
VL82C37A-5 CA82C37A-5 


82C37A MSM82C37A VL82C37A-8 KS82C37A 
82C237 SMC82C37A 
82C37A-12 
82C237-12 
82C54 ppPD71054 MSM82C54 M5M82C54-6 VL82C54-8 AM82C54 
M5M82C54 


KS82C54 
CA82C54 


| g2c54 
TMP82C54 
82C54-10 82C54-2 MSM82C54-2 AM82C54-2 
KS82C54-10 
TMP82C54-2 


82C55A-5 ae uPD82C56A-5 | MSM82C55A- M5M82C55A-5 


5 
82C55A 82C55A-2 pPD71055 MSM82C55A-2 AM82C55A 
pPD8255A-2 KS82C55A 
, CA82C55A 
UM82C55A 


82C59A 82C59A-2 pPD71059 MSM82C59-2 VL82C59A-8 AM82C59A-2 
pLPD8259A CA82C59A 
KS82C59A 
TMP82C59 


VL82C50A INS82C50A 
WD82C50A 
KS82C50A 


ft — 
CA82C52 
KS82C52 


82C284-12 820284-12 
82C83H Pe uPD71083 


82C84A 82C84A pPD71084 MSM82C84A VL82C84A-8 
82C84A-5 MSM82C84A-5 
MSM82C84A-2 
82C88 82C88 uPD71088 MSM82C88 VL82C88-8 CA82C88 
uPD8288 MSM82C88-2 KS82C88 


CA82C84A 
KS82C84A 
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m — CDP1851 
SEMICONDUCTOR CDP1851C 


February 1992 CMOS Programmable I/O Interface 
Features Description 
¢ 20 Programmable V/O Lines THE CDP1851 and CDP1851C are CMOS programmable 


two-port I/Os designed for use as general-purpose I/O 


* Programmabte for Operation in Four Modes: devices. They are directly compatible with CDP 1800-series 


- Input microprocessors functioning at maximum clock frequency. 
- Output Each port can be programmed in either byte-I/O or bit-pro- 
- Bidirectional grammable modes for interfacing with peripheral devices 


- Bit-programmable such as printers and keyboards. 


° Operates in Either VO or Memory Space Both ports A and B can be separately programmed to be 8 

bit input or output ports with handshaking control lines, RDY 
and STROBE. Only port A can be programmed to be a bidi- 
Ordering Information rectional port. This configuration provides a means for com- 


municating with a peripheral device or microprocessor 
TEMPERATURE system on a single 8 bit bus for both transmitting and receiv- 
RANGE 
Plastic DIP -40°C to +85°C 1 |CDP1851CE |CDP1851E 
Burnin copiesicex} = 


10V ing data. Handshaking signals are provided to maintain 
-40°C to +85°C + |CDP1851CD |CDP1851D 
CDP1851CDX |CDP1851DX 


proper bus access control. Port A handshaking lines are 
used for input control and port B handshaking lines are used 
for output; therefore port B must be in the bit-programmable 
mode where handshaking is not used. 


Ports A and B can be separately bit programmed so that 
each individual line can be designated as an input or output 
line. The handshaking lines may also be individually pro- 
grammed as input or output when port A is not in bidirec- 
tional mode. 


The CDP1851 has a supply-voltage range of 4V to 10.5V, 
and the CDP1851C has a range of 4V to 6.5V. Both types 
are supplied in 40-lead dual-in-line plastic (E suffix) or her- 
metic ceramic (D suffix) packages. The CDP1851C is also 
available in chip form (H suffix). 


Ceramic DIP 


Burn-in 


CMOS 
PERIPHERALS 


Pinout CDP1851 Programming Modes 
40 LEAD DIP 
TOP VIEW (2) (2) 
(8) PORTA (8) PORT B 
PORTA HANDSHAKING PORT B HANDSHAKING 
DATA PINS PINS DATA PINS PINS 


Accept Input READY, STROBE Accept Input Data |] READY, STROBE 
Data 


READY, STROBE Output Data READY, STROBE 


Bidirectional | Transfer Input/ | Input Handshaking Must be Previous- | Output Handshaking 
(Port A Only) | Output Data for Port A ly Set to Bit-Pro- | for PortA 
grammable Mode 


Bit-Program- | Programmed In- | Programmed Individ- | Programmed Indi- | Programmed Individ- 
mable dividually as In- | ually as Inputs or vidually as Inputs | ually as Inputs or 
puts or Outputs | Outputs or Outputs Outputs 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1056.1 
Copyright © Harris Corporation 1991 4-5 


Specifications CDP1851, CDP1851C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vgg Terminal) 


_ CDP1851 ........... Ree eR eng ee Sl SG Said ose RAMOS Gs eb Wee Shore bela No OF W ASRS RES am se eas Nee RON Vee Ae rere eats -0.5 to +11V 

ODP I BB 1G ve atesit cae tenancies aueaie aiewier Sha teed ok e.ohd wave nb creieiats OR ead aan AG Lec SER ata on GAA a nee eee es -~0.5to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS ...............0.c0c00 sung eineiee ea ales Til ctinSrsei os Canna see aeent -0.5 to Vpp +0.5 V 
DG: INPUT. CURRENT; ANY ONEANPUT 0x5 cculsoadnccwaccasipe vin sod denne CaGtaes pies des nouns aa ened tvavasateeunisnbas ours +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E) .........ccccccececcnccccceseseeceeeseeecere esses teeececseseeeseeesessesecs 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) ........ cc cece cece cece cc ceceecececceceseeecs Derate Lineary at 12 mW/°C to 200 mW 

For Ta =-55 to 100°C (PACKAGE TYPE D) .......ccccccccsccccsccccccccccvcveacccessucuavcesecevcucesnscacscavevenees 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D) ...... ccc cece cece cece ec tee cececeeneeees Derate Lineary at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All.Package Type) ...........ccccecccececscencececeecuceecveneucecs 40 mW 
OPERATING-TEMPERATURE RANGE (Ta): . 

PACKAGE TYPE D,H ............... cais@iee.e nes aster CLVUGEE See OATES we Welw ed SW ene ON ee eae wwe edu eeeess SOOO F120°6 

PACKAGE TYPE Evi Siclsacaoetaw saves cksedanase caus ditis praselin'o'ascara<eceetaree watoata Wate Ga mClarew eee eae Na See gee RO oe -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tytg)...cceccrscvcsccnsscnnccrsscessees ere sees cess ees ees sees sees eeesstonnenes -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ...... cece ccc ec e cece eee e teens enseeteeeeeeeeesees +265°C 


OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions should 
be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC CDP1851 CDP1851C UNITS 
6.5 


DC Operating Voltage Range 4 
input Voltage Range e VDD 


AO 
5 x 
DATA A2 
2 BUS A3 
errret SECTION As 
A 
AG 
CLOCK 
cs 
RAO ADDRESS 
RAI 
WR/RD 
RD/ ge 
TPB 
CLEAR 
A INT 
SECTION 
p INT == 
B7 
READY 
STRO 
92CM-34326RI 


Fig. 1 - Functional diagram for CDP1851 and CDP1851C. 
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Specifications CDP1851, CDP1851C 
STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpn + 5%, Except as noted 


CHARACTERISTIC 


Quiescent Device Current '!DD 


Output Low Drive 
(Sink) Current 
Output High Drive 

(Source) Current 
Output Voltage 
Low-Level 
Output Voltage 
High Level 


ae 

oo 

a oO 

o + 

aa 
Poll o Soll o Pall o 
wah, wh wh ak awh 
o Wo o Wo ao Oo Wo 


Input Low Voltage 


Input High Voltage 


Input Leakage Current 


ooh, 


3-State Output Leakage 
. Current 


Operating Current 


*Typical values are for Ta = 25°C and nominal Vpp. 
Fon =!0H = 1A. 


5 


LIMITS 


CDP1851 
° 


| Min. | Typ.* | Max. 


AOperating current is measured at 200 kHz for Vpp = 5 V and 400 kHz for Vpp = 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 


FUNCTIONAL DESCRIPTION 


The CDP1851 has four modes of operation: input, output, 
bidirectional, and bit-programmable. Port A is program- 
mable in all modes; port B is programmable in all but the 
bidirectional mode. A control byte must be loaded into the 
control register to program the ports. In the input and 
output modes, each port has two handshaking signals, 
STROBE and RDY. In the bidirectional mode, port A has 
four handshaking signals: ARDY and A STROBE for input, 
BRDY andB STROBE for output. If port Ais programmed in 
the bidirectional mode, port B must be programmed in the 
bit-programmable mode. Each terminal of port A or B may 
be individually programmed for input or output in the bit- 
programmable mode. Since handshaking is not used in this 
mode, the RDY and STROBE lines may also be used for 
bit-programming if port A is not in the bidirectional mode. 


Input Mode 
When a peripheral device has data to input, it sends a 
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STROBE pulse to the PIO. The leading edge of this pulse 
clears the RDY line, inhibiting further transmission from the 
peripheral. The trailing edge of the STROBE pulse latches 
the data into the PIO buffer register and also activates the 
INT line to signal the CPU to read this data. The INT pin can 
be wired to the INT pin of the CPU or the EF lines for polling. 
The CPU then executes an input or a load instruction, 
depending on the mapping technique used. In either case 
the proper code must be asserted on the RAO, RA1, andCS 
lines to read the buffer register (see Table V1). 


The INT line is deactivated on the leading edge of TPB. The 
trailing edge of TPB sets the RDY line to signal the 
peripheral that the port is ready to be loaded with new data. 
If RDY is low when the input mode is entered (i.e. after a 
reset), a “dummy” read must be done to set RDY high and 
signal the peripheral device that the port is ready to be 
loaded. 


2) 
\e) 
= 
oO 


PERIPHERALS 


CDP1851, CDP1851C 


FUNCTIONAL DESCRIPTION (Cont'd) — 


Output Mode 


A peripheral STROBE pulse sent to the PIO generates an 
interrupt to signal the CPU that the peripheral device is 


input and output, the status register must be read to 


ready for data. The CPU executes the proper output or store | 


instruction. Data are than read from memory and placed on 
the bus. The data are latched into the port buffer at the end 
of the window when RE/WE = 0 and WR/RE = 1. The RDY 
line is also set at this time, indicating to the peripheral that 
there is data in the port buffer. The line is deactivated at 
the beginning of the window. After the peripheral reads 
valid port data, it can send another STROBE pulse, clearing 
es line and activating the INT line as in the input 
mode. 


Bidirectional Mode 


This mode programs port A to function as both an input and 
output port. The bidirectional feature allows the peripheral 
to control port direction by using both sets of handshake 
signals. The port A handshaking pins are used to control 
input data from peripheral to PIO, while the port B 
handshaking pins are used to control output data from PIO 
to peripheral. Data are transferred in the same manner as 
the input and output modes. Since A INT is used for both 


CDPI800 
FAMILY 


pP 


ADDRESS REGISTER 


ADDRESS SELECTS 
NO. | CONTROL/ 
| 8001 STATUS REG 
8002 NO. 1 PORT A 
8003 NO.! PORTB |: 


NO. 2 CONTROL/ 


STATUS REG 


8008 NO. 2PORTA 
800C NO. 2 PORT B 


determine what condition caused A INT to be activated (see 


Table V). 
Bit—Programmable Mode | 


This mode allows individual bits of port A or port B to be 
programmed as inputs.or outputs. To output data to bits 
programmed as outputs, the CPU loads a data byte into the. 
8 bit port as in the output mode (no handshaking). Only bits 
programmed for outputs latch this data. Data must be stable 
when reading from bits programmed as inputs, since the 
input bits do not latch. When the CDP1851 inputs data to the 
CPU the CPU also reads the output bits latched during the 
last output cycle. The RDY and STROBE lines may be used 
for I/O by using the STROBE/RDY 1/0 control byte in table 
Il. An additional feature available in the bit-programmable 
mode is the ability to generate interrupts based on 
input/output byte combinations. These interrupts can be 
programmed to occur on logic conditions (AND, OR, 
NAND, and NOR) generated by the eight !/O lines of each 
port (The STROBE and RDY lines cannot generate 
interrupts). 


A ROY 


B RDY 
A STROBE 
B STROBE 


PORT AO-A7 


NO. | 
COPI85I 


PORT BO-B7 


A RDY 
B ROY 
A STROBE 
B STROBE 


PORT AO —A7 


PORT BO-B7 


PIO 


NO. 2 
CDPI85| 


92CM- 31924 


Fig. 2- Memory space i/O. This configuration allows up to four CDP1851s to occupy 
memory space 8XXX with no additional hardware (A4 - A5 and A6 - A7 are used as 
RAO and RA1 on the third and fourth PIO’s). 
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CDP1851, CDP1851C 
PROGRAMMING 


Initialization and Controls 

The CDP1851 PIO must be cleared by a low on the 
CLEAR input during power-on to set it for programming. 
Once programmed, modes can be changed without 
clearing except when exiting the bit-programmable 
mode. A low on the CLEAR input sets both ports to the 
input modes, disables interrupts, unmasks all bit- 
programmed interrupt bits, and resets the status 
register, A RDY, and B RDY. 


Mode Setting 

The control register must be sequentially loaded with 
the appropriate mode set control. bytes in order as 
shown in table | (i.e. input mode then output mode, 
etc.). Port Ais set with the SET A bit = 1 and port B is set 
with the SET B bit = 1. If a port is set to the bit- 
programmable mode, the bit-programming control byte 
from table !| must be loaded. A bit is programmed for 
output with the |/O bit = 1 and for input with the !/O bit = 
0. The STROBE and RDY lines may be programmed for 
input or output with the STROBE/RDY control byte of 


3. 


table II. Input data on the STROBE and RDY lines is 
detected by reading the status register. When using the 
STROBE or RDY lines for output, the control byte must 
be loaded every time output data is to be changed. To 
program logical conditions that will generate an 
interrupt, the interrupt control byte of table II must be 
loaded. An interrupt mask of the eight I/O lines may be 
loaded next, if bit D4 (mask follows) of the interrupt 
control byte = 1. The I/O lines are masked if the 
corresponding bit of the interrupt mask register is 1, 
otherwise it is monitored. Any combination of masked 
bits are permissable, except all bits masked (mask = 
FF). 

INT Enable/Disable _ 

To enable or disable the INT line in all modes, the 
interrupt ENABLE/DISABLE byte must be loaded (see 
Table IV). Interrupts can also be detected by reading 
the status register see table V. All interrupts should be 
disabled when programming or false interrupts may 
occur. The INT outputs are open drain NMOS devices 
that allow wired ORing (use 10K pull-up registers). 


A FLOW CHART GUIDE TO CDP1851 MODE PROGRAMMING 


PERFORM FOLLOWING 
SEQUENCE BEFORE 


BIDIRECTIONAL MODE 


REPEAT FOR EACH 
BIT- PROGRAMMABLE 
PORT 


USING TABLE IL 


SET BIT LOGICAL 
CONDITIONS AND 
MASKING USING 
TABLE DT 


REPEAT FOR EACH 
BIT- PROGRAMMABLE 
PORT 


PROGRAMMING PORT A TO 


SET BIT DIRECTION 


WILL 
INTERRUPTS BE USED 
FOR BIT- PROGRAMMED 

PORT ? 


GENERATE CLEAR PULSE 
AT PIN 13 


SET PORTS A AND B 

TO INPUT, OUTPUT, OR 
BIT- PROGRAMMABLE MODE 
USING TABLE I 


IS 
EITHER PORT 
SET TO THE 
BIT- PROGRAMABLE 
MODE 3 


NOW SET PORT A TO 
BIDIRECTIOAL MODE, 
iF DESIRED | 


SET MASTER INTERUPT 


ENABLE / DISABLE 
USING TABLE IZ 


MAIN PROGRAM 
NOTES 


1. STROBE /READY 1/0 CONTROL BYTE (TABLE IT) 
iS ALSO USED TO OUTPUT DATA TO STROBE AND 
READY LINES WHEN BIT-PROGRAMMED. 


2. STATUS REGISTER (TABLE IT) IS USED TO 
INPUT DATA FROM STROBE AND READY LINES 
WHEN BIT-PROGRAMMED. 


3. INTERRUPT STATUS I'S ALSO READ FROM 
STATUS REGISTER. 


92CM~- 34506 


PERIPHERALS 


CDP1851, CDP1851C 


TABLE! [RA1=0, RAO=1] 


Bit-Programmable 
Bidirectional | 


* Modes should be set in order as shown in Table | | 
If either port is set for bit-programmable mode, the two following control bytes should immediately follow: 


TABLE Il [RA1=0, RAO=1] | | 


ee pvo7_| vos | vos | vos | vos | voz | vor | voo | 
[STROBEROY VO Conor [os [os [oe fo [oe [or [oo 


AOutput = 1 
Ainput = 0 
(D1) O=PortA, 1 = PortB 
(D2) O=Nochange to RDY line function, 1 = Change per bit (D6) 
(D3) 0 =No change to STROBE line function, 1 = Change per bit (D7) 
. (D4) RDY line output data 
(D5) STROBE line output data 
(D6) RDY line used as: 
Output = 1 
Input = 0 
(D7) STROBE line used as: 
Output = 1 
Input = 0 
If interrupts will be used for either bit-programmed port, the following control bytes should be loaded: 


TABLE tli [RA1=0, RAO=1] 


INTERRUPT CONTROL 
Logical Conditions and Mask 


(D3) O=PortA, 1 = Port B 
(D4) 0=Nochange in mask, 1 = Mask follows (See TABLE Illa) 
(D5) (D6) 0,0 = NAND; 1, 0 = OR; 0, 1 = NOR; 1, 1 = AND 


TABLE Illa [RA1=0, RAO=1] 


|__iwrernuprconrron | 7 | 6 | s | « | 3 | 2 | 4 | 


Mask Register B7 B6 B4 ~—6©B3 
(lt D4 = 1) Mask Mask Mask: Mask 


it Bn Mask = 1 then mask Bit (for n = 0 to 7) 


po 
Mask 
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CDP1851, CDP1851C 


TABLE IV [RA1=0, RAO=1]} 
Interrupt 
Enable/Disable 
INT Enable = 1, INT Enabled A/B = 0, Port A 
= 0, INT Disabled =1,PorntB 
TABLE V [RA1=0, RAO=1] 


rere All Modes 
(D1) A INT status (1 means set) | (D5) A STROBE input data 


(D2) A INT was caused by A STROBE Bidirectional Mode (D6) BRDY input data 


1= 
(D3) 1=A INT was caused by B STROBE Only (D7) B STROBE input data 


Bit-Programmable 
Mode 


(DO) BINT status (1 means set) (D4) ARDY input data | 


TABLE Vi — CPU CONTROLS 


= 
= 
x 
m 


No-op bus 3-stated 
No-op bus 3-stated 
No-op bus 3-stated 
No-op bus 3-stated 
No-op bus 3-stated 
Read * status register 
Load control register 
Read * port A 

Load port A 

Read * port B 

Load port B 


PERIPHERALS 


cose 
es 
ey 


P| 
Go 
Ss erage nia ceca rey Page a 
al 


~ O---- O--4 O44 — ©O XxX XX 


* Read = RD/WE = 1 and WR/RE = 0 is latched on trailing edge of CLOCK. 


TABLE Vii — MEMORY i/O USE 
RD/WE Input WR/RE Input TPB Input 


TPB TPB 
MRD TPB 


PIO Terminals 


1/O Space 


CPU Terminals 
Memory Space 


FUNCTION PIN DEFINITION 
CLOCK (Input): BUS 0 — BUS 7: 
Positive input pulse that latches READ and CS on its trailing Bidirectional CPU data bus. 
edge: CLEAR (Input) 
CS — CHIP SELECT (Input) A low-level voltage at this input resets both ports to the 
A high-level voltage at this input selects the CDP1851 PIO. input mode, and also resets the status register. A RDY, B 


RDY, and interrupt enable (disabling interrupts). 


RAO — REGISTER ADDRESS 0 (Input): 
AINT — AINTERRUPT (Output): 


This input and RA1 are used to select either the ports or the 


control/status registers. A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 

RA1 — REGISTER ADDRESS 1 (Input): output is an open-drain NMOS device (to allow wired 

See RAO ORing) and must be tied to a pullup resistor, normally 10 
kQ. 
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CDP1851, CDP1851C 


FUNCTION PIN DEFINITION (Cont'd) 


B INT — B INTERRUPT (Output): 


A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 
output is also an open-drain NMOS device and must be tied 
to a pullup resistor. 


B RDY — B READY (Output): 


This output is a handshaking or data bit |/O line in the 
bit-programmable mode. 


B STROBE (input): 


An input handshaking line for port B in the input and output 
modes, and for port Awhen it is in the bidirectional mode. It 
can be used as a data bit I/O line in the bit-programmable 
mode except when port A is not programmed as 
bidirectional. 


BO—B?7: 
Data input or output lines for port B. 


Vss: 
Ground 


A0—AT7: 


Data input or output lines for port A. 
A STROBE (input): 


An input handshaking line for port A in the input, output, 
and bidirectional modes. It can also be used as a data bit I/O 
line when port A is in the bit-programmable mode. 


A RDY — A READY (Output): 
A output handshaking line or data bit I/O line. 
TPB (input): 


A positive input pulse used as a data load, set, or reset 
strobe. 


WR/RE — WRITE/READ ENABLE (Input): 


A positive input used to write data from the CDP1851 to the 
CPU bus. 


RD/WE — READ/WRITE ENABLE (Input): 


A positive input used to read data from the CPU bus to the 
CDP1851 bus. 


Vop: 
Positive supply voltage. 


A RDY 
EB RDY 
A STROBE 
B STROBE 


PORT AO-A7 


PORT BO-B7 


A RDY 
B RDY 
A STROBE 
B STROBE 


ae, PORT AO-A7 
=. PORT BO-B7 


92CM~-3i1925 


Fig. 3 -1/O space !/O. 
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Specifications CDP1851, CDP1851C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Von + 5%, 
ty, te = 20 ns, Vipy = 0.7 Vop, Vit = 0.3 Vpp, Cr = 100 pF 


CDP1851 CDP1851C 
ji Nal Hae! aha 
Input Mode see Figs. 4 and 5 


Minimum Setup Times: 75 
Chip Select to CLOCK tCSCL 10 
RD/WE to CLOCK tRWCL ett inne 
WR/RE to CLOCK tWRCL petal ole 
120 
Data in to STROBE tDIST 60 


Minimum Hold Times: 
Chip Select After CLOCK tHCSCL 


CHARACTERISTIC 


Address After TPB THATPB 
75 ”) 
Data In After STROBE tHSTDI 40 z 
ne 
O wi 
Data Bus Out After Address tHADOH tl ol te Sa 
Propagation Delay Times: a 
TPB to INT tPINT a. 


STROBE to INT tSTINT 


TPB to RDY tTPRDY . 


Minimum Pulse Widths: 
CLOCK tWCL 


STROBE 


Access Time, Address to Data 


Bus Out 


*Typical values are for Ta = 25°C and nominal voltages. 
+Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1851, CDP1851C 


OY %, 
INPUT 20 ois 
SIGNAL | ; 
] 
| | | { 
| 10% 50% 
| | 
Ae | ‘PINT | | 
~~ he twint Me tsTinT om 
92CS-31927 


Fig. 4 - Interrupt signal propagation delay time test circuit and waveforms. 


ROY | | 


! | 
“1 tstrpy (t= tTPRDY 
INT 
j 
4 


i] 
\ fot. 
twstT TT ts TINT — = tpwr 
STROBE 


ae RE CLES AS SAE 
DATA-~IN 


TPB ee ee eee 
CLOCK=(TPA) | | 


t 
es ed koa 
tesc. 1 y~ 'HCSCL 
cs 


oa tWRCL 


{ 
WR/RE=(MRD) | | ; 


1 
MEMORY SPACE 
——————— st 


ee 
RD/WE=(MWR) Sota ae ! 
t | 
RD/WE = (MRD) | ! 
| 
1/0 SPACE : 


WR/RE=(TPB) : | | 


! 
—= ot Hates 


RAI/RAO X VACIO, FORT ADDR VALID PORT ADOR as 
1 


t 
{ | \ 
ht TAD A SIR tHADOH 
DATA BUS 
92CM- 31928 


Fig. 5 - Input mode timing waveforms. 
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CDP1851, CDP1851C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, 
tr, te = 20 ns, Viqy = 0.7 Vpp, Vit = 0.3 Vpp, CL = 100 pF 


CHARACTERISTIC UNITS 


Output Mode see Figs. 4 and 6 


Minimum Setup Times: 
Chip Select to CLOCK 


RD/WE to CLOCK 


Address to WRITE * 


Data Bus to WRITE * 
Minimum Hold Times: 
Chip Select After CLOCK 


v”) 

Address After WRITE * a 
oo 

ce. 

Data Bus After WRITE * =o 
Propagation Delay Times: rT 
a. 


WRITE * to Data Out 
WRITE * to INT 
WRITE * to RDY 
STROBE to INT 
STROBE to RDY 

Minimum Pulse Widths: 
CLOCK 


STROBE 


WRITE * 


* WRITE is the overlap of RD/WE = 0 and WR/RE = 1. 
*Typical values are for Ta = 25°C and nominal voltages. 
+Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1851, CDP1851C 


4 
'WINT “4 —— "stint —= — 
| | 
RDY | | oil 
| | t ! | | . 
| STRDY te 
| —- be—t !' 
STROBE ! WRDY | 


| 
MEMORY SPACE 
i 
| 
| 


RD/WE = (MWR) | 


% 


| 
WR/RE = (TPB) | 


I/O SPACE | | 
| 
| 


l 
| 
Ti, tis =a! trweL | 
RD/WE = (MRD) | | | | 


potaw—et a tHaw be 


RAI /RAO VALID PORT ADDR 


| 
Pow crane tHow 
DATA BUS - VALID DATA 


92CM- 31920 
* WRITE IS THE OVERLAP OF WR/RE=i AND RD/WE =0 


Fig. 6 - Output mode timing waveforms. 
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mn _— CDP1852 
SEMICONDUCTOR CDP1852C 


February 1992 Byte-Wide Input/Output Port 
Features Description 
¢ Static Silicon-Gate CMOS Circuitry The CDP1852 and CDP1852C are parallel, 8 bit, mode-pro- 


grammabile input/output ports. They are compatible and will 


¢ Parallel 8 Bit Data Register and Buffer interface directly with CDP1800-series microprocessors. They 


¢ Handshaking Via Service Request Flip-Flop are also useful as 8 bit address latches when used with the 
CDP1800 multiplexed address bus and as I/O ports in general- 

e Low Quiescent and Operating Power purpose applications. 
e Interfaces Directly with CDP1800-Series The mode control is used to program the device as an input port 
Microprocessors (mode = 0) or as an output port (mode = 1). The SR/SR output 
+Sinale VoKede Sunn can be used as a signal to indicate when data is ready to be 
ngie voltage supply transferred. In the input mode, a peripheral device can strobe 


Full Military Temperature Range (-55°C to +125°C) data into the CDP1852, and microprocessor can read that data 
by device selection. In the output mode, a microprocessor 

—— $$$ Strobes data into the CDP 1852, and handshaking is established 

Ordering Information with a peripheral device when the CDP1852 is deselected. 


In the input mode, data at the data-in terminals (D10-D17) is 
strobed into the port’s 8 bit register by a high (1) level on the 
clock line. The negative high-to-low transition of the clock 
latches the data in the register and sets the service request out- 
put low (SR/SR = 0). When CS1/CS1 and CS2 are high (CS1/ 
CS1 and CS2 = 1), the 3-state output drivers are enabled and 
data in the 8-bit register appear at the data-out terminals (D00- 
D07). When either CS1/CS1 or CS2 goes low (CS1/CS1 or CS2 
= 0), the data-out terminals are tristated and the service request 
output returns high (SR/SR =1). 


TEMPERATURE 
RANGE 


-40°C to +85°C 1 |CDP1852CE |CDP1852E 
: onresex, 


Plastic DIP 


DP1852CEX | CDP 1852EX 


CMOS 
PERIPHERALS 


In the output mode, the output drivers are enabled at all times. 
Data at the data-in terminals (D10-D17) is strobed into the 8 bit 
register when CS1/CS1 is low (CS1/CS1 = 0) and CS2 and the 
clock are high (1), and are present at the data-out terminals 
(D00-D07). The negative high-to-low_transition of the clock 


-40°C to +85°C  |CDP1852CD |CDP1852D 
latches the data in the register. The SR/SR output _goes high 
(SR/SR = 1) when the device is deselected (CS1/CS1 = 1 or 


* Respective specifications are included at the end of this data CS2 = 0) and returns low (SR/SR = 0) on the following trailing 
eneer edge of the clock. 


Ceramic DIP 


Pinout Typical CDP1802 Microprocessor System 
24-LEAD DIP 
TOP VIEW 


rh 
csVCcsi [1 | eilia 
MODE [2] 
Dio | 3, 
DOo | 4, 
pi | 5. 
poi [6 
Di2 
po2 [8 | 
bi3 [9 
DO3 
CLOCK [11 
Vgg [12! 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1166.1 
Copyright © Harris Corporation 1992 4-17 


Specifications CDP1852, CDP1852C | 


A CLEAR control is provided for resetting mended operating voltage range of 4 to 6.5 
the port’s register (D00-D07 = 0) and ser- volts. 

vice request flip-flop (input mode: SR/ The CDP1852 and CDP1852C are supplied 
SR=1 and output mode: SR/SR=0). in 24-lead, hermetic, dual-in-line ceramic 
The CDP1852 is functionally identical to packages (D suffix), in 24-lead dual-in-line 
the CDP1852C. The CDP1852 has arecom- plastic packages (E suffix). The CDP1852C. 
mended operating voltage range of 4 to 10.5 is also available in chip form (H suffix). 


volts, and the CDP1852C has a recom- 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltage referenced to Vss Terminal 


CDPRIGS2: sens cetieees sa uu nde cuts parew sate heed So od ean Wa ENG eR aa SOE RS -0.5to+11V 
CDP 18526 ssa dacs ete terete aye eects Gs inca en ee he eon ewe Rs -0.5to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS ...... 0. . cece ccc cc cece te eee eens -0.5 to Von + 0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ............. 0. ccc cece eee e cece cee eeseeeaeeeenes +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Tan 40 to'+.60° C: (PACKAGE TYPE:©) 22.62: so cnceeebesas dns nenead vamwee ee eae’ 500 mW 
For Ta = + 60 to + 85°C (PACKAGE TYPE E)............ Derate Linearly at 12 mW/°C to 200 mW 
For Ta = — 5510 + 100°C (PACKAGE TYPE. D) oc cacaawad socheans esas naw deh de aeasus eas 500 mW 
For Ta, = + 100 to + 125°C (PACKAGE TYPE D)'......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............... 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES. Dy Pcs caanies soe stotabentisou vas wets ede aee eae ese ee ~-55 to + 125°C 
PACKAGE TYPE Eras scitiee uate eet aun and Sern tee aioe Ee acw ae even -40 to + 85°C 
STORAGE TEMPERATURE RANGE (Tatg) ... 00.0 ce cece cence ces ceseeeeseeeuseneeees -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max.................00- + 265° C 


RECOMMENDED OPERATING CONDITIONS at Ta = Full Package Temperature Range. 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 


CHARACTERISTIC 


Min Min, | Max 
[OC Operating Vonage Range | 4 | 105 | 4 | 65 |, 
Ves | Veo 


csi/ési" 


ORIVERS 


* POLARITY DEPENDS ON MOCE 
MODE O| MODE | 


92CS—- 27574RI 


Fig. 2 - Block diagram of CDP1852. 
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Specifications CDP1852, CDP1852C 


cs2 


csi/Csi 


Woe mee 


SERVICE 
REQUEST 
LATCH 


c.g 

rns 1g 
a stg te oh ee ees 

S eevninesincestonde tite Lt. 


92CL-31293RI 
Fig. 3 - CDP1852 logic diagram. 


STATIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C 
LIMITS 


fe) 
x 
> 
Ps] 
> 
° 
=| 
m 
a 
wn 
a 
3) 
re) 
] 
ais 
Tio 
2i|o 
Ls) 
0 
$3 
= Ps 
a 
i] 
9) 
Cc 
Ei 
+ 
” 


— 
(o>) 


° 
—h, 


| 


Output High Drive 


Output Low Drive 0.4 10,5 | 
(Sink) Current, lor 


(Source) Current, 


Low Level, Vort 


Output Voltage 
High Level, Vox 


Vin 


aie 

| 9.5 |0, 
Output Voltage | — | 05 | 

foes 

oes! 

Es 

(0.5.4.5 


4 oO; oO ola 


Bee 8 Mel 
2 ie eal 
ied BO 8 ae Be Reo al ee Ee 
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Specifications CDP1852, CDP1852C 


STATIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C (Cont'd) 


CONDITIONS 


CHARACTERISTIC 


Operating 
Current, looit 

Input 
Capacitance, Cin 


Output 
Capacitance, Cour 


“Typical values are for Ta = 25°C and nominal Vop. 

tlor = lou = 4 BA. 

tOperating current is measured at 2 MHz in an CDP1802 system with open outputs and a 
program of 6N55, 6NAA, 6N55, 6NAA, ------ , 


CDP1852 CDP1852C 
[Typ [Max.| Min 
Input Current, = | — [05] 5 _| fe ESE 
aE ee oneness 
3-State Output 
Leakage Current, Loe oa ee fae eee uA 
lour 0,10 |0,10{ 10 | a | £2 | 


nn _— ry 


3 
2 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40 to + 85°C, Voo = + 5%, 
t,, t} = 20 ns, Vie = 0.7 Vpoo, Vi. = 0.3 Voo, Ci. = 100 pF, and 1 TTL Load 


CHARACTERISTIC 4 Limits _| UNITS 


| Min. | Typ | Max. | 
MODE 0 — input Port (Fig. 4) 


Minimum Select Pulse Width, tsw 5 180 360 
o | — | | wo 

45 90 

40 80 


Minimum Write Pulse Width, tww 5 
10 
Minimum Clear Pulse Width, terr 


ond a 
sole vlse 

ss os 

wel, 

Ao 


Minimum Data Setup Time, tos 


Mininum Data Hold Time, tox 5 


Data Out Hold Time, toont 5 30 


Propagation Delay Times, tein, tex: 
Select to Data Outt, tsvo 
Clear to SR, Trsr 


Clock to SR, tesr 


Select to SR, tssr 


+Minimum value is measured from CS2, maximum value is measured from cs1/CS1 
*Typical values are for Ta = 25°C and nominal Vop. 


INPUT PORT MODE 0 — TYPICAL OPERATION 


General Operation strobe’s trailing edge via the SR output line. 


When the mode control is tied to VSS, the The CDP1802 then issues an input instruc- 
CDP1852 becomes an input port. In this __i tion that enables the CDP1852 to place the 
mode, the peripheral device places data information from the peripheral device on 
into the CDP1852 with a strobe pulse and the data bus to be entered into a memory 
the CDP1852 signals the microprocessor location and the accumulator of the 
that data is ready to be transferred on the microprocessor. 
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CDP1852, CDP1852C 


csi-cs2 = 


CLOCK ww 


avai aa aaa | 
tos DOH 


= / 
SR troR tesp 


CLEAR ‘oLR 


% CSI-CS2 IS THE OVERLAP OF CSi=! AND CS2=| 


MODE 0 TRUTH TABLE 


| CLEAR | 

ate 

a 
1 


SERVICE REQUEST TRUTH TABLE 


Data Out Equals 


High Impedance CLOCK + CS1 or CS2 


or CLEAR t 


Data Latch 


1CS1-CS2 CS1 1,.CS2 1 


92CM-31292R2 


Fig. 4 - MODE 0 input port timing waveforms and truth tables. 


MEMORY CDPI802 


DATA BUS 


STROBE Se ee 


PERIPHERAL 
DATA 


SR/YSR Sal 


i —— 


RO 
—— 


VALID “ TRISTATE 


COPI852 


STROBE 


DATA FROM 
PERIPHERAL 


PERIPHERAL DEVICE 

PLACES DATA IN CDPI852 

AND CDPI852 SIGNALS 
CDPI802 THAT DATA IS READY 


CDPI802 SELECTS 
COPI852 AND DATA 

IS TRANSFERRED 

TO MEMORY AND 

THE MICROPROCCESSOR 


92CM- 33205 


Fig. 5 - Input port mode 0 functional diagram and waveforms - typical operation. 


Detailed Operation (See Fig. 5) 


The STROBE from the peripheral device 
places DATA into the 8-bit register of the 
CDP1852 when it goes high and latches the 
DATA on its trailing edge. The SR output is 
set low on the strobe’s trailing edge. This 
output is connected to a flag line of the 
CDP1802 microprocessor and software 
polling will determine that the flag line has 
gone low and peripheral data is ready to be 
transferred. The CDP1802 then issues an 
input instruction that places an N, line high. 
With the MRD line also high, the CDP1852 
is selected and its output drivers place the 


DATA from the peripheral device on the 
DATA BUS. When the CDP1802 selected 
the CDP1852, it also selected and ad- 
dressed the memory via one of the 16 inter- 
nal address registers selected by an inter- 
nal X” register. The data from the CDP1852 
is therefore entered into the memory [Bus 
— M(R(X))}. The data is also transferred to 
the D register (accumulator) in the micro- 
processor (Bus — D). When the CDP1802’s 
execute cycle is completed, the CDP 1852 is 
deselected by the Nx line returning low and 
its data output pins are tri-stated. The SR 
output returns high. 


7) 
mal 
< 

$f 

sx 

oO 2 

va 

Ww 
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_ Specifications CDP1852, CDP1852C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to + 85°C, Von = £5%, 


t,, t) = 20 ns, Vin = 0.7 Vop, Vi = 0.3 Vop, Ci. = 100 pF, and 1 TTL Load 
UNITS | 


CHARACTERISTIC Vopo LIMITS 
as by Pitin Try" [ax | 


Minimum Select-after-Clock 


Hold Time, tsx -5 
Propagation Delay Times, tein, tere: 140 280 
Clear to Data Out, troo 70 140 


Write to Data Out, twoo 220 440 
11 

Data In to Data Out, tooo 

Clear to SR, tasr 

Clock to SR, tcsr 


Select to SR, tssr 


*Typical values are for Ta = 25°C and nominal Vpp. 


OUTPUT PORT MODE 1 — TYPICAL OPERATION 


General Operation 


Connecting the mode control to Vpp config- CDP1802 and the SR _ output of the 
ures the CDP1852 as an output port. The CDP1852 will be used to signal the periph- 
output drivers are always on in this mode, eral device that valid data is present on its 
so any data in the 8-bit register will be pres- input lines. The microprocessor issues an 
ent at the data-out lines when the CDP1852 output instruction, and data from the mem- 
is selected. The N line and MRD connec- ory is strobed into the CDP1852 with the 
tions between the CDP1852 and CDP1802 TPB pulse. When the CDP1852 is de- 
remain the same as in the input mode con- selected, the SR output goes high to signal 
figuration, but now the clock input of the the peripheral device. 


CDP1852 is tied to the TPB output of the 


4-22 


CDP1852, CDP1852C 


x 
t 
CLOCK 
i Cn > Ci 


i ae ae es, 


ie 
t\ 


CLEAR 
tCLR 


% CSI-CS2 IS THE OVERLAP OF CSI=0 ANDCS2 =| 
A WRITE I'S THE OVERLAP OF CS1-CS2 AND CLOCK 


MOOE 1 TRUTH TABLE 


MEMORY 


DATA BUS 


TPB ae 


MRD 


DATA TO 
PERIPHERAL 
DEVICE 


SR/SR 


DATA @ VALID 
BUS DATA 


A 
\ 


tcsr 


SERVICE REQUEST TRUTH TABLE 


L 


92CM- 31295R! 


DATA OUT TO 
PERIPHERAL DEVICE 


SIGNAL_THAT 
INDICATES DATA 
IS READY 


COPI852 IS SELECTED 
AND DATAIS 
STROBED INTO 

IT'S REGISTER 


DATA IS OUTPUTTED 
FROM THE COPI852 
ANO THE PERIPHERAL 


DEVICE I'S SIGNALED. 
92CM- 33204 


Fig. 7 - Output port mode 1 functional diagram and waveforms - typical operation. 


Detailed Operation (See Fig. 7) 


The CDP1802 issues an output instruction. 
The Nx line goes high and the MRD line 
goes low. The memory is accessed M(R(X)) 
- BUS and places data on the DATA BUS. 
This data are strobed into the 8-bit register 
of the CDP1852 when TPB goes high and 
latched on the TPB’s trailing edge. The 


valid data thus appears on the CDP1852 
output lines. When the CDP1802 output in- 
struction cycle is complete, the N, line goes 
low and the SR output goes high. SR will 
remain high until the trailing edge of the 
next TPB pulse, when it will return low. 
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CDP1852, CDP1852C 


N2a—— orem 
SR ee ey 


92CM- 31293RI 


Fig. 8 - Execution of a “65” output instruction showing momentary selection of input port “D”. 


Application information 


Ina CDP1800 series microprocessor-based 
system where MRD is used to distinguish 
between INP and OUT instructions, an INP 
instruction is assumed to occur at the _be- 
ginning of every 1/O cycle because MRD 
starts high. Therefore, at the start of an 
OUT instruction, which uses the same 3-bit 
N code as that used for selection of aninput 
port, the input device is selected for a short 
time (see Fig. 8). This condition forces SR 
low and sets the internal SR latch (see Fig. 
3). In a small system with unique N codes 


H 
OUTPUT PTL es Ce eR, a CE 


* ouTPUT ENABLED WHEN EN= HIGH 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG. 1) 


92CS-29024 


Fig. 9 - CDP1853 timing waveforms. 
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for inputs and outputs, this situation does 
not arise. Using the CDP1853 N-bit decoder 
or equivalent logic to decode the N lines 
after TPA prevents dual selection in larger 
systems (see Fig. 9 and Fig. 10). 


cLock B !5S , 
(TPB) > 


92cs~29022 


Fig. 10 - CDP1853 functional diagram. 


mn S CDP1852/3 
Annu: CDP1852C/3 


February 1992 High-Reliability Byte-Wide Input/Output Port 


Features Description 


¢ Static Silicon-Gate CMOS Circuitry The CDP 1852/3 and CDP1852C/3 are parallel, 8-bit, mode-programmablie input/output 

ports. They are compatible and will interface directly with CDP1800-series microproces- 

¢ Parallel 8-Bit Data Register and sors. They are also useful as 8 bit address latches when used with the CDP1800 multi- 
Buffer plexed address bus and as I/O ports in general-purpose applications. 


¢ Handshaking Via Service Request The mode control is used to program the device as an input port (mode = 0) or as an out- 
Flip-Flop put port (mode = 1). The SR/SR output can be used as a signal to indicate when data is 
ready to be transferred. In the input mode, a peripheral device can strobe data into the 
¢ Low Quiescent and Operating Power = ¢pp1852/3, and microprocessor can read that data by device selection. In the output 
de, a microprocessor strobes data into the CDP 1852/3, and handshaking is estab- 
e interfaces Directly with CDP1800- 0% | 
Series Microprocessors lished with a peripheral device when the CDP 1852/3 is deselected. 


In the input mode, data at the data-in terminals (D10-D17) is strobed into the port's 8-bit 
¢ Single Voltage Supply register by a high (1) level on the clock line. The negative high-to-low transition of the 
Clock latches the data in the register and sets the service request output low (SPVSR = = 
0). When CS1/CS1 and CS2 are high (CS1/CS1 and CS2 = 1), the 3-state output drivers 
are enabled and data in the 8-bit register appear at the data-out terminals (D00- D07). 
When either CS1/CS1 or CS2 goes low (CS1/CS1 or CS2_= 0), the data-out terminals 
are tristated and the service request output returns high (SAYSR =1). 


¢ Full Military Temperature Range 
(-55°C to +125°C) 


In the output mode, the output drivers are enabled at all times. Data at the data-in termi- 
nals (D10-D17) is strobed into the 8 bit register when CS1/CS1 is low (CS1/CS1 = 0) and 
CS2 and the clock are high (1), and are present at the data-out terminals (D00-D07). The 


negative high-to-low transition of the clock latches the data in the register. The SR/SR ”) 
output goes high (SFYSR = = 1) when the device is deselected (CS1/CS1 = 1 or CS2 = 0) z 
and returns low (SR/SR = 0) on the following trailing edge of the clock. ® & 
A CLEAR control is provided for resetting the port's register (DO0-DO7 = 0) and service = rs 
request flip-flop (input mode: SA/SR = 1 and output mode: SAVSR = 0). © = 
The CDP 1852/3 is functionally identical to the CDP1852C/3. The CDP 1852/3 has a rec- mx 


ommended operating voltage range of 4 to 10.5 volts, and the CDP1852C/3 has a rec- 
ommended operating voltage range of 4 to 6.5 volts. 


The CDP1852/3 and CDP1852C/3 are supplied in 24-lead, dual-in-line side-brazed 
ceramic packages (D suffix) that conforms to the requirements and dimensions specified 
in MIL-38510 Case Outline D-3. 


Pinout Block Diagram of CDP1852/3 
24-LEAD DIP 1 
TOP VIEW csucsi" bavists CONTROL _ 
om SELECT tGcic SR/SR* 
cs2 DECODE e 
MODE 24__Vpp 
CLOCK ity... 
CLEAR 
Dio RESET CLOCK ENABLE DOO 
Dit DO1 
bi2 THREE- po2 
Di3 4 8 BIT STATE ds Dos 
pi4 16 ae OUTPUT pos 
pis 18 REGISTER DRIVERS DOs 
Di6 _20 DO6 
DI7 22 pOo7 
* POLARITY DEPENDS ON MODE 

MODE =0 | MODE =1 | 

p1 [cst | csi 

pa | SA | sR | 

FIGURE 1. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 694.1 
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mabe >> 


SERVICE 
REQUEST 
LATCH 


CLOCK 
() 
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FIGURE 2. CDP1852/3 LOGIC DIAGRAM 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 

(All Voltages Referenced to Vsg Terminal) T, = Full Package Temperature Range 
COP 1892/3 su wnseocieees ee were deuce es nee -O0.5Vto+11V  — (All Package Types)........... 2... ee eee ee eee ene 100mW 
COP1852C/3 2... eee cece ee eee eee eevee -O.5V tO +7V Operating Temperature Range (T,): 
Input Voltage Range, All Inputs ............. ~0.5V to Vpp +0.5V Package Type D ........... cece ee eee eee —55°C to +125°C 
DC Input Current, any One Input................... 0. cee +10mA Storage Temperature Range (Taig) .-.--------- -65°C to +150°C 
Power Dissipation Per Package (Pp) Lead Temperature (During Soldering): 
- Ta = 55°C to +100°C (Package Type D)............. 500mWw At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 

Ta = +100°C to +125°C (Package Type D).... Derate Linearly at — from case for 10s Max..... 20... . cee eee eee eee eee +265°C 

12mW/C to 200mW 


Recommended Operating Conditions T, = Full-Package Temperature Range. For maximum reliability, operating 
conditions should be selected so that operation is always within the following ranges. 
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Specifications CDP1852/3, CDP1852C/3 


Static Electrical Characteristics Vj, = 0 or Vpp, Except as Noted 


LIMITS 
-55°C, +25°C +125°C 
CHARACTERISTIC SYMBOL TEST CONDITIONS 


Quiescent Device Current (Note 1) 
—! LS? _— 
Output Low Drive (Sink) Current _ 
patineenen | Rezacea— 


stats tll 4-l-l-/4 EEE 


n 


lot = 
Output High Drive (Source) Current 
Output Voltage Low Level Voi 
poe | Reaeeeee— 
Output Voltage High Level Vou 
eee | meee 
Input Low Voltage Vit 
ester | RBRraneeea av 
Input High Voltage Vin 
Input Leakage Low in 
inci De on =e 
Input Leakage High 
peewee Rese 
IN 


Vop = 5V, Vo = OV 


p 
NOTES: 


1. The CDP1852C/3 meets all 5 volt Static Electrical Characteristics 2. Input and Output Capacitance are guaranteed but not tested. 
of the CDP 1852/3 except +125°C Quiescent Device Current for 
which the limit is Ipp = 3OOPA. 


Static Burn-in Circuit 


Vss Vss 
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Specifications CDP1852/3, CDP1852C/3 


Dynamic Electrical Characteristics Mode = 0 Input Port, See Figure 3, Input tr, tf < 15ns; C, = 50pF 


LIMITS* 
Vop 
CHARACTERISTIC SYMBOL VOLTS 


5°C, +25°C 
Select Duration pw Ps 
Clock Pulse Width Rok 
Clear Pulse Width 
Data-in to Clock Fall Setup Time iat 


Data-in After Clock Fall Hoid Time 
tcsr 


NOTE: 1. Time required by a device to allow for the indicated function. 


+125°C 
(Note 1) 


= 
z 


ok io) 


170 
70 


Propagation Delay Times: 
Clear to SR 


NN 


17 


o 


Clock to 


17 0 


an 


Deselect to 


. % 
CSi°cs2 


t 
DATA BUS = Ci 
’ 'ssR 


=n 'RSR ‘csr 


CLEAR tour 


*% CSI-CS2 IS THE OVERLAP OF CSI 21 AND CS2=2/ 


MODE = 0 TRUTH TABLE 
CLOCK CS1-CS2 (Note 1) DATA OUT EQUALS 
xX _ | nipedance Crock cSt or 682 
i i ee es ON |erctew 
SS OO 2 
po fata in SSR=0 | SASR=1 
NOTE: 1. CS1-CS2=CS1=1,CS2=1 


FIGURE 3. MODE = 0 INPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 


SERVICE REQUEST 
TRUTH TABLE | 
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Specifications CDP1852/3, CDP1852C/3 


Dynamic Electrical Characteristics Mode = 1 Output Port, See Figure 4, Input tr, tf < 15ns; C, = 50pF 


LIMITS* 
—55°C, +25°C 
(Note 1) 
MIN 
170 


+125°C 


(Note 1) 
MIN 


Vop 


CHARACTERISTIC SYMBOL VOLTS 


‘ 


Select-After Clock-Fall Hold Time 


tok 
LR 


oO 


Propagation Delay Times: 
Clear to Data 


Write to Data Out 


co 


Data In to Data Out 


Clear to SR 


“ 
nn 


Clock to SR 


ro 
a 
es] 


Deselect to SR 


© 


Oo 


NOTE: 1. Time required by a device to allow for the indicated function. 


A 
'ww 
tow 
CLOCK 


| 


pata our —'roo > Ce 
Eeocees| 
sa fina 
. tcesr 


'CLR 


% CSI-CS2 IS THE OVERLAP OF CSI=0 ANOCS2 = 1 


A WRITE !S THE OVERLAP OF CSI-CS2 ANO CLOCK 


MODE = 1 TRUTH TABLE 


CLOCK CS1-CS2 (Note 1) CLEAR DATA OUT EQUALS 
a CEMA 
SS OE (1 SS 
NOTE: 1. CS1-CS2=CS1 =0, CS2 =1 


FIGURE 4. MODE = 1 OUTPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 


SERVICE REQUEST 
TRUTH TABLE 


CSi of Clock 
aw 


or 
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CDP1853 
CDP1853C 


N-Bit 1 of 8 Decoder 


HARRIS 


SEMICONDUCTOR 


aD 


February 1992 


Features 


e Provides Direct Control of Up to 7 Input and 7 Output 
Devices 


° CHIP ENABLE (CE) Allows Easy Expansion for Multi- 
level VO Systems 


Ordering Information 


TEMPERATURE 
RANGE 
Plastic DIP -40°C to +85°C 1 |CDP1853CE |CDP1853E 


CDP1853CEX 


Burn-in 


Ceramic DIP -40°C to +85°C CDP1 853CD |CDP1853D 
Burn-in CDP1853CDX Pett otal 
* 883B -55°C to +125°C |CDP1853CD3 |CDP1853D3 


* Respective specifications are included at the end of this data 
sheet. 


Pinout 
16-LEAD DIP 
TOP VIEW 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


4-30 


Copyright © Harris Corporation 1992 


CDP1853 Functional Diagram 


Description 


‘The CDP1853 and CDP1853C are 1 of 8 decoders designed for 


use in general purpose microprocessor systems. These 
devices, which are functionally identical, are specifically 
designed for use as gated N-bit decoders and interface directly 
with the 1800-series microprocessors with out additional com- 
ponents. The CDP1853 has a recommended operating voltage 
range of 4 to 10.5 volts, and the CDP1853C has a recom- 
mended operating voltage range of 4 to 6.5 volts. 


When CHIP ENABLE (CE) is high, the selected output will be 
true (high) from the trailing edge of CLOCK A (high-to-low tran- 
sition) to the trailing edge of CLOCK B (high-to-low transition). 
All outputs will be low when the device is not selected (CE = 0) 
and during conditions of CLOCK A and CLOCK B as shown in 
Figure 2. The CDP1853 inputs NO, N1, N2, CLOCK A, and 
CLOCK B are connected to an 1800-series microprocessor out- 
puts NO, N1, N2, TPA, and TPB respectively, when used to 
decode 1/0 commands as shown in Figure 5. The CHIP 
ENABLE (CE) input provides the capability for multiple levels of 


_ decoding as shown in Figure 6. 


The CDP1853 can also be used as a general 1 of 8 decoder for 
I/O and memory system applications as shown in Figure 4. 


The CDP1853 and CDP1853C are supplied in hermetic 16-lead 
dual-in-line ceramic (D suffix) and plastic (E suffix) packages. 


TRUTH TABLE 


4 
5 
6 
7 


ttt fe | + [ojojofofolo} fol 
11s tt fofofofofofojoly 
EJ ESESREOOOOUOOO 


1 = High level, 0 = Low level, X = Don't care 
* Qn-1 = Enable remains in previous state. 


File Number 1189.1 


Specifications CDP1853, CDP1853C 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vip) 
(All voltage values referenced to Vigg terminal 


COP1G5S: nak hoo owen tie setae oe Rade he acaweds ans ave Reaeaoed —0.5to+11V 
CDP1853C ..... Raa deta or De Bde dace tg oan a A Re iat aa dehy en Om Sree So —0.5to+7V 
INPUT VOLTAGE RANGE, ALLINPUTS ............00 cc ccc cece cece neues —0.5 to Vpp + 0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .....0..0 0.0.00 c cece ee cece eee tent neees +10 mA’ 
OPERATING-TEMPERATURE RANGE (Ta): : 
CERAMIC PACKAGES (D SUFFIX TYPES) ........ 00... cece eee eee ee ee eeees —85 to +125 C 
PLASTIC PACKAGES (E SUFFIX TYPES) ......... 0.0. c cece eee e cent eeees —40 to + 85 C 
STORAGE TEMPERATURE RANGE (T_.) oo... cee cc eee ec cee e eee neeeees —65 to + 150 C 
LEAD TEMPERATURE (DURING SOLDERING): ‘ 
At distance 1/16 £1/32 inch (1.59+0.79 mm) from case for 10 smax. ......... 000 eee ee eee +265 C 


STATIC ELECTRICAL CHARACTERISTICS at T , = —40 to +85°C. Except as noted 


| CONDITIONS LIMITS 

CDP1853 CDP1853C UNITS 
Vo | VIN 
(v) | (Vv) 


Quiescent Device ences fue Ee BS 
current, [= = [10 
Output Low Drive 
(Sink) Current, 0.4 


CHARACTERISTIC 


lOL 


Output High Drive 


(Source Current) 


'OH 
Output Voltage 
Low-Level 4 


VOL 


as 
es 
el 
Output Voltage 
High Level - 
bead 
0.5.4.5 
Raed 
[0.5.4.5 
Le 


VOH | 

Input Low Valtage 
Vie 

Input High Voltage 
ViH 

Input Leakage Any | 5 | 

Current lin Input 

Operating Current 
lDD1 


| 05 | 
Input Capacitance 
| 
Output Capacitance 
Scour | 


t Typical values are for T a= 25°C and nominal voltage. 
* Operating current measured in a CDP1802 system at 2MHz with outputs floating. 


WwW NO ° 


I+] I+ 

-_ i — WwW 
‘= 

> 


cl Ow 
NO} Ge NOIR ‘ 
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Specifications CDP1853, CDP1853C 


OPERATING CONDITIONS at T a Full Package~-Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within 


the following ranges: 
LIMITS 


CDP1853 | CDP1853C | UNITS 


[Min] Max.| Min, | Max. | 


DYNAMIC ELECTRICAL CHARACTERISTICS at T , = —40 to +85°C, Vpp= 5%, 
Vin = 0.7 Vop- Vib = 0.3 Vpop: t. & = 20 ns, CL = 100 pF 


VG LIMITS UNITS 
(Vv) CDP1853 CDP1853C 


CHARACTERISTIC 


CHARACTERISTIC 


7 
xe) 


Propagation Delay Time: 
CE to Output, teow: teo: 


N to Outputs, tnow: ‘NOL 


Clock A to Output, t AO 


Clock B to Output, tao 


3 a 


75 


Minimum Pulse Widths: 
Clock A, tCACA 


7 
75 
Note 1: Maximum limits of minimum characteristics are the values above which all devices 


function. 
Note 2: Typical values are for T Tee 25°C and nominal voltages. 


'CACA 
CLOCK A "ao 


"EQ ~to— eves: EO OUTPUT 


Clock B ; top CB 


NO N 
~ “J “J 
or o ol 

Cal 

~J 

oi 


= NO 
~J NO 
o oi 


cE 
c) CLOCK A TO OUTPUT (0-7) DELAY TIME 
OUTPUT 


a) CE TO OUTPUT (0-7) DELAY TIME 'CBCB 
N ' 
ouTpuT OC . OUTPUT 
b) N LINES TO OUTPUT (0-7) DELAY TIME d) CLOCK 8 TO OUTPUT (0-7) DELAY TIME 


. 92CM29023RhRi 
Fig. 2.— Propagation delay time diagrams. 


TPB ee eae A 

8 

Gif ele c 
CHIP ENABLE 

EN® | Vop CLOCK B OUTS 

\ CLOCK A OUT6 

OUTPUT | f l OUT 7 


* OUTPUT ENABLED WHEN EN= HIGH 92°8-20¢2" 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG. 1) 
pec icae Fig. 4 — N-bit decoder used asa 1 of 8 
Fig. 3 — Timing diagram. decoder. 
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COP t800 SERIES 


CLOCK A CLOCKB CE NO NI N2 
CDPI853 


pt pf fj | 
READ VIA 
csi cs2 Re CS! CS2} 6F INSTRUCTION 
CoPIg52 COPI6S2 
LOAD VIA OUTPUT ha INPUT 
67 INSTRUCTION < PORT 7 


DATA 
AVAILABLE 
STROBE 


DATA BUS 


* READ VIA 

CS! CS2 | 69 INSTRUCTION 
CDP1852 

INPUT 
PORT ! 


MODE 


LOAD VIA 
61 INSRUCTION 


AVAILABLE STROBE 


= CLOCK 
7 OUTPUT PORTS 7 INPUT PORTS 92CM- 29025RI 


Fig. 5 — N-bit decoder in a one-level 1/O system. 


CMOS 
PERIPHERALS 


NOTE: SYSTEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
PORTS. WITH ADDITIONAL DECODING 
THE TOTAL NUMBER OF INPUT 
AND OUTPUT PORTS CAN BE 
FURTHER EXPANDED. 


COP ISOOSERIES 


NO,NI,N2 TPA TPB MRD BUS 


DATA BUS 


CL CSI 


2 COPIB52 


CDOPI853 
DECODED 
“61" INSTRUCTION 


oO 
wn 


INTERCONNECTED 
AS IN FIGURE 4 
—L 


1/0 
7 tNPUT, 


> 1/0 


7 INPUT, 


NO, NI, N2 


"62-6F" 
INST 


92CM-29026R) 


Fig. 6 — Two-level 1/0 using CDP1853 and CDP1852. 


om is ~—~—~—-—s CDP 1853/3 
SEMICONDUCTOR | CDP1853C/3 


February 1992 High-Reliability CMOS N-Bit 1 of 8 Decoder 


Features Description 


e Provides Direct Control of Up to 7 Input and 7 Out- The CDP1853/3 and CDP1853C/3 are high-reliability 1 of 8 
put Devices When used with a CDP1800-Series decoders designed for use in general purpose microprocessor 
Microprocessor systems. These devices, which are functionally identical, are 

specifically designed for use as gated N-bit decoders and 

: tesa (Oe nan oe Easy Expansion for interface directly with the 1800-series microprocessors without 

additional components. The CDP1853/3 has a recommended 
operating voltage range of 4 to 10.5 volts, and the CDP 1853C/3 
has a recommended operating voltage range of 4 to 6.5 volts. 


Pinout | When CHIP ENABLE (CE) is high, the selected output will be 
16-LEAD DIP true (high) from the trailing edge of CLOCK A (high-to-low 
TOP VIEW transition) to the trailing edge of CLOCK B (high-to-low 


transition). All outputs will be low when the device is not 
selected (CE = 0) and during conditions of CLOCK A and 
CLOCK B as shown in Figure 2 when used with the 1800-series 
microprocessor. The CDP 1853/3 inputs NO, N1, N2, CLOCK A, 
and CLOCK B are connected to outputs NO, N1, N2, TPA, and 
TPB respectively, when used to decode I/O commands as 
shown in Figure 5. The CHIP ENABLE (CE) input provides the 
capability for multiple levels of decoding as shown in Figure 6. 


The CDP1853/3 can also be used as a general purpose 1 of 8 
decoder for I/O and memory system applications as shown in 
Figure 4. 


The CDP1853/3 and CDP1853C/3 are supplied in hermetic 
16-lead dual-in-line ceramic packages (D suffix) . 


TRUTH TABLE 


1OF8 
DECODER 


un 24> 
14 
N2 ee 
13 
ae a 


Pg > _) 3 


A 
(TPA) ‘oa 


(PB) 1 = High level, 0 = Low level, X = Don't care 
FIGURE 1 | * Qn-1 = Enable remains in previous state. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1713.1 
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Specifications CDP1853/3, CDP1853C/3 


Static Electrical Characteristics 


vo | Yw | Yoo 
CHARACTERISTIC SYMBOL (V) (V) (Vv) [= MIN | MAX | MIN | MAX J] UNITS 
Quiescent Device ls | = OS | 50 OT  t00 fA 
Current (Note 1) [7 oto [105001000 a 
Output Low Drive io [oa | - | 5 | 29 | - [ 16 [= [om _ 
(Sink) Current a DO 
Output High Drive P46 [ - | 5 | - | a7 [| - [ 32 [ m__| 
(Source) Curent SS A DC OO 
Output Voltage Vo [o- | 95 | 5 fo - fj of fo - f 02 Tv 
Low-Level (Note2) [a [i or oe 
Ouiput Vollage Vor [| - | os | 5 | 49 | - | 46 [| - [| vi 
High-Level (Note2) [= aio [oes ea 
frecttowvotage [Me Pease | se 
eee a De ee ee 
Input High Voltage A es ee ee ee ee 
a a Fe a ee ee 
frewtteatagetow fe pt 
a ee ee ee eee 
Jpattestage ign fe 
(eee (A (SS (ae ee 
i ae ea es eee Ee ee ee 
ey re ee a ee es I a: ae 


NOTES: 
1. The CDP1853C meets all 5-volt static electrical characteristics of 2. Guaranted but not tested. 
the CDP1853 except quiescent device current for which the 
limits are: Igg = -500HA @ -55°C and +25°C and Igg = -1000A 
@ +125°C. 


Dynamic Electrical Characteristics See Figure 2, C, = 100pF, tr, tf = 15ns 


LIMITS 
-55°C, +25°C 


ook 


7 


5 


Propagation Delay Time: 
Chip Enable (CE) to Output High 
Disable to Output Low 
N Input to Output 
Clock A to Output Low 


Clock B to Output Low 


Pulse Width: 
Clock A 


ba | 


“ 
oo oo 


Recommended Operating Conditions At, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 
CDP 1853/3 CDP1853C/3 
CHARACTERISTIC 3 


DC Operating Voltage Range 7 —_ [105 [_4__ [65 Vv 
input voltage Range Vo 
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Specifications CDP1853/3, CDP1853C/3 


Absolute Maximum Ratings | 
DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 


(All Voltages Referenced to Vss Terminal) T, = Full Package Temperature Range 
COP TES NS 26 ice tee ie ee eae eee ae ees ~0.5V to +11V (Ail Package Types)............ ccc eee cece cence 100mW 
CDP 1850/3 655445 eas tae Cras boreaeeeenees ~0.5Vto+7V Operating Temperature Range (T,): 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V Package Type D.......... cc eee eee wees ~—55°C to +125°C 
DC Input Current, Any One Input................. 0. eee eee +10mA Storage Temperature Range (Tyg) ......-.---- —65°C to +150°C 
Power Dissipation Per Package (Pp) Lead Temperature (During Soldering): 

Ta, = 55°C to +100°C (Package Type D)............. 500mW At distance 1/16 +1/32 In. (1.59 + 0.79mm) 

Ty = +100°C to +125°C (Package Type D).... Derate Linearly at from case for 10S MAX... 2... ccc eee eee tees +265°C 

| 12mWPC to 200mW 

Timing Diagrams 


MIN. CLOCK B 
é 
PULSE WIDTH | cBCB | 
qi | , 


| 


; 
—-—T —— OUTPUT 0-7 
We Tso js —- 
(a) N- INPUTS TO OUTPUTS DELAY TIME 1 

(¢) CLOCK 8 TO OUTPUT DELAY TIME 


MIN.CLOCKA 


PULSE WIDTH| CACA >| 


) | 
| CLOCK A 


OUTPUT 0-7 
OUTPUT 0-7 7 
A | : | 
—>| <— —»| * 
EOH EOL [* % To MEASURE Tao CLOCK B — Tao — 


(b) CE TO OUTPUT DELAY TIME tn cea! yen eo 
(4) CLOCK A TO OUTPUT DELAY TIME 


FIGURE 2. PROPAGATION DELAY TIME DIAGRAMS 


oureur.____S | 1 . 


# Output Enabled When EN = High Internal Signal 
Shown for Reference Only (See Figure 1) 


FIGURE 3. TIMING DIAGRAM FIGURE 4. N-BIT DECODER USED AS A 1 OF 8 DECODER 
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NOTE: SYSTEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
PORTS. WITH ADDITIONAL DECODING 
THE TOTAL NUMBER OF INPUT 

AND OUTPUT PORTS CAN BE 
FURTHER EXPANDED. 


COPI802 CPU COP18O0O SERIES 


TPA TPB NO NI N2 TPB MRD 


CLOCK A CLOCK 8 CE NO NI N2 
COP1653 
QO 1 2-6 7 


——t+—$-+—t 

__ READ VIA 

csi cs2 EE CSI CS2 | 6F INSTRUCTION 
coPIes2 COPI6S2 ° 

OUTPUT x INPUT 

PORT 7 PORT 7 
SR 


TPA 

COP 18S3 
DECODED 
“61° INSTRUCTION 


LOAD VIA 
67 INSTRUCTION 


OATA 
AVAILABLE STROBE 


DATA BUS 


READ VIA 
CSI CS2 | 69 INSTRUCTION 


COPI852 


61 INSRUCTION cha 
AVAILABLE STROBE NO, NI, N2 
= CLOCK 
7 OUTPUT PORTS 7 INPUT PORTS 
FIGURE 4. N-BIT DECODER IN A ONE-LEVEL V/O SYSTEM FIGURE 5. TWO-LEVEL V/O USING CDP1853 AND CDP1852 


CMOS 
PERIPHERALS 


Bias/Static Burn-in Circuit 


[TPE | _Voo | TEMPERATURE | TE _ 
CC MC SS 
[eoprasac | ww | vrasro | r00 Hie. 


4] 
mwa 
mae 
ana 


All Resistors are 47kQ +20% 
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_CDP1855— 
CDP1855C 


8-Bit Programmable Multiply/Divide Unit 


FARRIS 


SEMICONDUCTOR 


aD 


February 1992 


Features 


¢ Cascadable Up to 4 Units for 32-Bit by 32-Bit Multiply 
or 64-32 Bit Divide 


8-Bit by 8-Bit Multiply or 16=-8 Bit Divide in 5.6,:s at 5V 
or 2.81s at 10V 


Direct Interface to CDP1800-Series Microprocessors 


Easy Interface to Other 8-Bit Microprocessors 


Significantly Increases Throughput of Microprocessor 
Used for Arithmetic Calculations 


Ordering Information 


re | = T= 
RANGE 10V 

Plastic DIP | -40°C to +85°C |CDP1855CE 

ee 

40°C to 485°C |CDP1855CD 

a 


Burn-in 


Ceramic DIP 


Burn-in 


Pinout 
28 LEAD DIP 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Description 


The CDP1855 and CDP1855C are CMOS 8-bit multiply/ 
divide units which can be used to greatly increase the capa- 
bilities of 8-bit microprocessors. They perform multiply and 
divide operations on unsigned, binary operators. In general, 
microprocessors do not contain multiply or divide instruc- 
tions and even efficiently coded multiply or divide subrou- 
tines require considerable memory and execution time. 
These multiply/divide units directly interface to the 
CDP1800-series microprocessors via the N-lines and can 
easily be configured to fit in either the memory or I/O space 
of other 8-bit microprocessors. 


The multiple/divide unit is based on a method of multiplying 
by add and shift right operations and dividing by subtract and 
shift left operations. The device is structured to permit cas- 
cading identical units to handle operands up to 32 bits. 


The CDP1855 and CDP1855C are functionally identical. 
They differ in that the CDP1855 has a recommended operat- 
ing voltage range of 4V to 10.5V, and the CDP1855C, a rec- 
ommended operating voltage range of 4V to 6.5V. 


The CDP 1855 and CDP1855C types are supplied in a 28- 
lead hermetic dual-in-line ceramic package (D suffix) and in 
a 28 lead dual-in-line plastic package (E suffix). The 
CDP1855C is also available in chip form (H suffix). 


Circuit Configuration 


+V 


CLK 
RAO 
RAI 
RA2 
STB 
RD/WE 
CDP1855 


YL 
ZR 


FIGURE 1. MDU ADDRESSED AS VO DEVICE 


File Number 1053.1 
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Specifications CDP1855, CDP1855C 
MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


COP T6504 sciioh cornu nemawan une apatite ncaa chante Lescshede Oeles yoy sees tyke eda tod teu es Dieta es Syaleh aia eh at -0.5to+11V 
CORTON 0 Oitee wane es va ine anny bieeslncretewde val ns eRS oS Ok Oa eae USE UT oe OR SMG DGEBA PRR EC a -0.5 to +7 V 
INPUT VOLTAGE RANGE ALL INPUTS: oxccsicrs hens ndue res weceune vcard Modubuw andes wea red ee ees dee toutes ueatons -0.5 to Vpp +0.5 V 
DC INPUT GURRENT ANY:ONE INPUT. 234 lcs ees Gove olen ceccents bu vs pale setae aes iredied a Seuwawaemaneedaereesewuee a sat ens +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta ==40:to +60°C (PACKAGE TYPE E) ccesunsaussovaevenewaedandnd eee oe owes pad deka vey dad wey gawnves ge sen sw deesees 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPE E)........ ccc ccc ec cece eee cnceeneeeeeneeeeeeeeeaee . Derate Lineary at 12 mW/°C to 200 mW 
FOP-LA = <90'to 100° C(PACKAGE I VRE DP) iisacx site he easnueel fog ws Ge eu ease as Ss Ra a PE ee be Re eae 500 mW 
For Ta = +100 to +125°C (PACKAGE TYPE D) ........ ccc cece cece ec cceveceeescesscevsvseees Derate Lineary at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@s) ............ceccecece cece cece cee teeneeeneceseeeees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPE Dances iiicuatammane seasohuuawentseuoiuesen Gada baad bswee se recacned Mean an ae aoa eee -§5 to +125°C 
PACKAGE WYRE E xvcccvers naa h il ot mastery ener meds ley os a qubhiecewan Went auth Guanes wie ee Sauce os Bee ieee -40 to +85°C 
STORAGE TEMPERATURE RANGE UR (ee ee een eee cere -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX... ..... cece eee ccc eee e tee e tent teense eaneeeeeeenees +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 10%, Except as noted 


LIMITS 
CHARACTERISTIC CDP1855 CDP1855C UNITS 
Type | Max. 


ad hel oe 
rata 


Quiescent Device 
Current 

Output Low Drive 
(Sink) Current 

Output High Drive 
(Source) Current 

Output Voltage 
Low-Level 

Output Voltage 
High Level 

Input Low 
Voltage 

Input High 
Voltage 


CMOS 
PERIPHERALS 


| 
10 
10 
5 


oh 
Be 


—_A 
ov! 


3-State Output Leakage 
Current 


Typical values are for Ta = 25°C and nominal Vpp. 
#Operating current is measured at 3.2 MHz with open outputs. 


FIOL = OH = THA. 
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CDP1855, CDP1855C — 


OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions should 
be selected so that operation is always within the following ranges: 


CONDITIONS | LIMITS : 
7 CDP1855 | CDP1855C 


Input Voltage Range | . 
Maximum Input Clock  - 
Frequency | 


CE RA2 RAI RAG 
REGISTER 
SELECT 
LOGIC 
SELECT CONTROL Pee 
SELECT Z SELECT STATUS 


SELECT y 


X SEQUENCE 
red COUNTER 
ae E 


5a ae ae 


xX’ REGISTER 


CLOCK (25)t- 
CNI (3)cTL 
C9) 

CNO (4)E670F 
(29 


RESET OUT” 


un 
= 
mn 
+ 
N 
aD 
om 
ae 
wn 
4 
m 
pe) 


f 
[I 


SAAS OSS SSS 


See ee ee 
9 @ 


LA 


x 
N 
N 
N 
. 


‘e 
> 
oO 


BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 3 2 1 Q 


2) @1) GO) (19) Cs) 07) (6) 9) 
Vs5 C4) 


RD/ WE 92CL - 3186) 
Voo 


Fig. 2 - Block diagram of CDP1855 and CDP1855C. 
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CDP1855, CDP1855C 


FUNCTIONAL DESCRIPTION 


The CDP1855 is a multiply-divide unit (MDU) designed to 
be compatible with CDP1800 series microprocessor 
systems. It can, in fact, be interfaced to most 8-bit 
microprocessors (see Fig. 5). The CDP1855 performs binary 
multiply or divide operations as directed by the micro- 
processor. It can do a 16N-bit by 8N-bit divide yielding an 
8N-bit result plus and 8N-bit remainder. The multiply is an 
8N-bit by 8N-bit operation with a 16N-bit result. The “N” 
represent the number of cascaded CDP1855’s and can be 1, 
2, 3 or 4. All operations require 8N + 1 shift pulses (See 
“DELAY NEEDED WITH AND WITHOUT PRESCALER’ Pg. 
7). 


The CDP1855 contains three registers, X, Y, and Z, which 
are loaded with the operands prior to an operation and 
contain the results at the completion. In addition, the 
control register must be loaded to initiate a multiply or 
divide. There is also a status register which contains an 
overflow flag as shown in the “CONTROL REGISTER BIT 
ASSIGNMENT TABLE”. The register address lines (RAO- 


RA1) are used to select the appropriate register for loading: 


or reading. The RD/WE and STB lines are used in 
conjunction with the RA lines to determine the exact MDU 
response (See “CONTROL TRUTH TABLE”). 


When multiple MDU’s are cascaded, the loading of each 
register is done sequentially. For example, the first selection 
of register X for loading loads the most significant CDP1855, 
the second loads the next significant, and so on. Registers 
are also read out sequentially. This is accomplished by 
internal counters on each MDU which are decremented by 
STB during each register selection. When the counter 
matches the chip number (CN1, CNO lines), the device is 
selected. These counters must be cleared with a clear on 
pin 2 or with bit 6 in the control word (See “CONTROL 
REGISTER BIT ASSIGNMENT TABLE”) in order to start 
each sequence of accesses with the most significant device. 


The CDP 1855 has a built in clock prescaler which can be 
selected via bit 7 in the control register. The prescaler may 
be necessary in cascaded systems operating at high 
frequencies or in systems where a Suitable clock frequency 
is not readily available. Without the prescaler select, the 


shift frequency is equal to the clock input frequency. With- 


the prescaler selected, the rate depends on the number of 
MDU's as defined by bits 4 and 5 of the control word (See 
“CONTROL REGISTER BIT ASSIGNMENT TABLE”). 


1. For one MDU, the clock frequency is divided by 2. 
2. Fortwo MDU's the clock frequency is divided by 4. 
3. For3or4MDU's, the clock frequency is divided by 8. 


OPERATION 


1. Initialization and Controis 


The CDP1855 must be cleared by a low on pin 2 during 
power-on which prevents Dus contention problems at the 
YL, YR and Zi, ZR terminals and also resets the sequence 
counters and the shift pulse generator. 


Prior to loading any other registers the control register must 
be loaded to specify the number of MDU’s being used (See 
“CONTROL REGISTER BIT ASSIGNMENT TABLE”). 


Once the number of devices has been specified and the 
sequence counters cleared with a clear pulse or bit 6 of the 
control word, the X, Y, and Z registers can be loaded as 
defined in the “CONTROL TRUTH TABLE”. All bytes of the 
X register can be loaded, then ail bytes of the Y, and then all 
bytes of the Z, or they can be loaded randomly. Succcessive 
loads to a given register will always proceed sequentially 
from the most significant byte to the least significant byte, 
as previously described. Resetting the sequence counters 
select the most significant MDU. In a four MDU system, 
loading all MDU'’s results in the sequence counter pointing 
_ to the first MDU again. In all other configurations (1, 2, or3 
MDU's), the sequence counter must be reset prior to each 
series of register reads or writes. 


2. Divide Operation 


For the divide operation, the divisor is loaded in the X 
register. The dividend is loaded in the Y and Z registers with 
the more significant half in the Y register and the less 
significant half in the Z register. These registers may be 
loaded in any order, and after loading is completed, a 
control word is loaded to specify a divide operation and the 
number of MDU’s and also to reset the sequence counters 
and Y or Z register and select the clock option if desired. 
Clearing the sequence counters with bit 6 will set the MDU’s 
up for reading the results. 


The X register will be unaltered by the operation. The 
quotient will be in the Z register while the remainder will be 
in the Y register. An overflow will be indicated by the 
C.0./0.F. of the most significant MDU and can also be 
determined by reading the status byte. 


While the COP1855 is specified to perform 16 by 8-bit 
divides, if the quotient of a divide operation exceeds the size 
of the Z register(s) (8N-bits - where N is the number of 


cascaded CDP1855’s) the overflow bit in the Status Register 
will be set. Neither the quotient in Z nor the remainder in Y 
will represent a valid answer. This will always be the result 
of a division performed when the divisor (X) is equal to or 
less than the most significant 8N-bits of the dividend (Y). 


The MDU can still be used tor such computations if the 
divide is done in two steps. The dividend is split into two 
parts—the more significant 8N-bits and the less significant 
8N-bits—and a divide done on each part. Each step yields 
an 8N-bit result for a total quotient of 16N-bits. 


The first step consists of dividing the more significant 8N- 
bits by the divisor. This is done by clearing the Y register(s), 
loading the Z register(s) with the more significant 8N-bits of 
the dividend, and loading the X register(s) with the divisor. 
A division is performed and the resultant value in Z 
represents the more significant 8N-bits of the final quotient. 
The Z register(s) value must be unloaded and saved by the 
processor. 


A second division is performed using the remainder from 
the first division (in Y) as the more significant 8N-bits of the 
dividend and the less significant half of the original dividend 
loaded into the Z register. The divisor in X remains unaltered 
andis, by definition, larger than the remainder from the first 
division which is in Y. The resulting value in Z becomes the 
less significant 8N-bits of the final quotient and the value in 
Y is, as usual, the remainder. 


Extending this technique to more steps allows division of 
any size number by an 8N-bit divisor. 


Note that division by zero is never permitted and must be 
tested for and handled in software. 


The following example illustrates the use of this algorithm. 


Example: 
Assume three MDU’s capable of a by 24-bit division. The 
problem is to divide 00F273,491C06H by 0003B4H. 


Step 1: 000000 


Y Z(MS) X Z1 Y1 
Step 2: OOO1BF , 491C06 / 0003B4 = 78C936 R=QO0000E 

Y1 Z(LS) X Z2 Y2 
Result: 000041 78C936 R=00000E 

21 Z2 Y2 
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OOF273 / 0003B4 = 000041 R=0001BF 
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CDP1855, CDP1855C 


OPERATION (Cont'd) 


The Z register can simply be reset using bit 2 of the control 


word and another divide can be done in order to further - 


divide the remainder. 
3. Multiply Operation 


For a multiply operation the two numbers to be multiplied 
are loaded in the X and Z registers. The resultis in the Y and 


Z register with Y being the more significant half and Z the 
less significant half. The X register will be unchanged after 
the operation is completed. 


The original contents of the Y register are added to the 
product of X and Z. Bit 3 of the control word will reset 
register Y to 0 if desired. 


FUNCTIONAL DESCRIPTION OF CDP1855 TERMINALS | 


CE - CHIP ENABLE (input): 


Ahigh on this pin enables the CDP1855 MDU to respond to 
the select lines. All cascaded MDU’s must be enabled 
together. CE also controls the tristate C.0./O.F., output of 
the most significant MDU. 


CLEAR (Input): 


The CDP1855 MDU(s) must be cleared upon power-on with 
a low-on this pin. The clear signal resets the sequence 
counters, the shift pulse generator, and bits 0 and 1 of the 
control register. 


CTL — CONTROL (input): 


This is an input pin. All CTL pins must be wired together and 
to the Y;_ of the most significant CDP1855 MDU and to the 
ZR of the least significant CDP1855 MDU. This signal is 
used to indicate whether the registers are to be operated on 
or only shifted. 


C.0./0.F. — CARRY OUT/OVER FLOW (Output): 


This is a tristate output pin. Itis the CDP1855 Carry Out 
signal and is connected to Cl (CARRY-IN) of the next more 
significant CDP1855 MDU, except for on the most significant 
MDU. On that MDUit is an overflow indicator and is enabled 


when chip enables is true. A low on this pin indicates that an 


overflow has occured. The overflow signal is latched each 
time the control register is loaded, but is only meaningful 
after a divide command. 


YL, YR — Y-LEFT, Y-RIGHT: 


These are tristate bi-directional pins for data transfer 
between the Y registers of cascaded CDP1855 MDU's. The 
YR pinis an output and Y{_ is aninput during a multiply and 
the reverse is true at all other times. The Y_ pin must be 
connected to the Yr pin of the next more significant MDU. 
An exception is that the Y_ pin of the most significant 
CDP1855 MDU must be connected to the Zr pin of the least 
significant MDU and to the CTL pins of all MDU’s. Also the 
YR pin of the least significant MDU is tiexd to the Z,_ pin of 
the most significant MDU. 


ZL, ZR — Z-LEFT, Z-RIGHT: 


These are tristate bi-directional pins for data transfers 
between the “Z” registers of cascaded MDU'’s. The ZR pinis 
an output and Z, is an input during a multiply and the 
reverse is true at all other times. The Z; pin must be tied to 
the YR pin of the next more significant MDU. An exception 


is that the ZL pin of the most significant MDU must be 
connected to the YR pin of the least significant MDU. Also, 
the Zp pin of the least significant MDU is tied to the Y__ of the 
most significant MDU. 


SHIFT — SHIFT CLOCK: 


This is a tristate bi-directional pin. It is an output on the 
most significant MDU. And an input on all other MDU's. It 
provides the MDU system timing pulses. All SHIFT pins 
must be connected together for cascaded operation. A 
maximum of the 8N +1 shifts are required for an operation 
where “N” equals the number of MDU devices that are 
cascaded. 


CLK — CLOCK (input): 


This pin should be grounded on all but the most significant 
MDU. There is an optional reduction of clock frequency 
available on this pin if so desired, controlled by bit 7 of the 
control byte. 


STB — STROBE (Input): 


When RD/WE is low data is latched from bus lines on the 
falling edge of this signal. It may be asynchronous to the 
clock. Strobe also increments the selected register’s 
sequence counter during reads and writes. TPB would be 
used in CDP1800 systems. 


RD/WE — READ/WRITE ENABLE (Input): 


This signal defines whether the selected register is to be 
read from or written to. In 1800 systems use MRD if MDU’s 
are addressed as I/O devices, MWR is used if. MDU’s are 
addressed as memory devices. 


RA2, RA1, RAO — REGISTER ADDRESS (Input): 


These input signals define which register is to be read from 
or written to. It can be seen in the “CONTROL TRUTH 
TABLE” that RA2 can be used as a chip enable. It is 
identifical to the CE pin, except only CE controls the tristate 


_ C.0./0.F. on the most significant MDU. In 1800 systems use 


N lines if MDU's are used as |/O devices, use address lines 
or function of address lines if MDU’s are used as memory 
devices. 


BUS 0 — BUS 7 - BUS LINES: 


Tristate bi-directional bus for direct interface with CDP1800 
series and other 8-bit microprocessors. 


Zp — Z-RIGHT: 
See Pin 6. 

YR — Y-RIGHT: 

See Pin 5. 

Cl — CARRY IN (Input): 


This is an input for the carry from the next less significant 
MDU. On the least significant MDU it must be high (Vpp) 
on all others it must be connected to the CO pin of the next 
less significant MDU. 


CN1, CNO — CHIP NUMBER (Input): 


These two input pins are wired high or low to indicate the 
MDU position in the cascaded chain. Both are high for the 
most significant MDU regardiess of how many CDP1855 
MDU’s are used. Then CN1 = high and CNO = low for the 
next MDU and so forth. 


Vss — GROUND: 
Power supply line. 
Vop — V?: 

Power supply line. 
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CONTROL TRUTH TABLE 


INPUTS* 
RAO WE STB 


NO ACTION (BUS FLOATS) 

NO ACTION (BUS FLOATS) 

X TO BUS] INCREMENT SEQUENCE 
Z TO BUS) COUNTER WHEN 

Y TO BUS \ STB AND RD = 1 
STATUS TO BUS 

LOAD X FROM BUS | INCREMENT 
LOAD Z FROM BUS? SEQUENCE 
LOAD Y FROM BUS } COUNTER 
LOAD CONTROL REGISTER 

NO ACTION (BUS FLOATS) 


~~ ae ow oe oo os 4 4 KO 
el a a a a ) 

<x<+-=+3 00-3 4+ 00 x x 
x~-O-0+ 020 X x 
o-ft3st 34 KK KK OK OX 


oo oO 0 0 = =~ = = x xX 


*( ) = 1800 system signals. 1 = High Level, 0 = Low Level, X = High or Low Level. 


CONTROL REGISTER BIT ASSIGNMENT TABLE 


[ei] 0] OrenaTion sevecr: 
[2 [0 [no orcnarion 


CMOS 
PERIPHERALS 


REGISTER 
RESET re ee ee 
—~— Lt fio} ove 


ee ee ee 


B2 = 1, RESET Z REGISTER 
B3 = 1, RESET Y REGISTER 


ce a 
ee ee 
es ee ee 


To [+ [tare mous 
oe [0 | Four wun’ 


B6 = 1, RESET SEQUENCE COUNTER 


[1 | cuocks2 | 
[2 [crock 4 
[2 [crock 6 
[+ [etock se 


B7 = 1, SELECT SHIFT RATE OPTIONS: ———— > 
B7 = 0, SHIFT = CLOCK FREQUENCY RATE 


STATUS REGISTER 


| | Status Byte 
| Bit | 76543210 
0000000 OF. 


O.F. = 1 if overflow (only valid 
after a divide has been done) 


NOTE: Bits 1 — 7 are read as 0 always 
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DELAY NEEDED WITH AND WITHOUT PRESCALER 


8N+1 Shifts/Operation at 1 Clock Cycle/Shift 
N = Number of MDU’s S = Shift Rate 


With Prescaler 


Machine 


“NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used. 


CDP1855 INTERFACING SCHEMES . VEC 


= 14] 28f 27] 26] 25] 
24 
3 
22 
21 
20 DATA BUS 
19 
2 | __ ‘wf BUS 
CLEAR 7 
Book BUS 7 7 
10, RO/WE BUS z 
STB BUS ze Q 
RA2 RAIRAG CE ” 
wo 
@ 
fe) 
A8 bad 
AQ 
LO/M 
a: is 
92CS-33173RI Cf - 
1/4 CD4011 
LK(OUT) 
(  [}-reset our 
4CD40!! — gacg- 31870 
Fig. 3- Required connection for memory Fig. 4 - Interfacing the CDP1855 to an 8085 
' mapped addressing of the MDU. microprocessor as an I/O device. 
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PROGRAMMING EXAMPLE FOR MULTIPLICATION 


Fora 24-bit x 24-bit multiply using the system shown in Figure 5, the following is an assembly listing of a program to multiply 
201F7C416 by 72300946: 


MEMORY OP LINE ASSEMBLY 
LOCATION CODE NO. LANGUAGE 
OOOO FESO, OOOL LDI OFOH 
ada 5 OIL PLO Re »»LOAD 20 INTO R2.0 
QO FROOs OOS LDI OOH 
QOS = OoOoO4 FHI R2 » LOAD ©O INTO R2.1 (R2=0030) 
QOQO0GG6 67385 OOOS OUT 7; DC OS8H ..LOAD CONTROL REGISTERS 
OOO : ONO » -SFECIFYING THREE MDU’S, 
Q008 : OOO? »»RESET THE Y REGISTER AND 
QOO08 : QO008 »- SEQUENCE COUNTER 
QOO08 64205 QOD OUT 4; DC OS0H ..LOAD MSB OF X REGISTER 
OOOA ‘ Qog1O ».WITH 20 
QQOA O41F 5 OoO11 OUT 4; DC O1FH ..LOAD NEXT MSE OF X REG 
OOOC ; OO . WITH 1F 
OOoC 647C3 OOS OUT 4; DC O7CH ..LOAD LSB OF X REGISTER 
QQOE ; QOO14 »-WITH 7C 
QQOE 65728 QOS OUT S; DC O73H  ..LOAD MSB OF Z REGISTER 
QOQOLO : OO16 » WITH 72 
QOO1O 6S3C OoOL7 OUT S; DC OSCH ..LOQAD NEXT MSE OF Z REG 
aqQa1s : QO1’ »?WITH SC 
OOS SS0Y § OO19 QUT Ss; DC O9H »- LOAD LSB OF Z REGISTER 
OO14 5 OOLO » WITH O9 
OO14 6759s OO2 I QUT 7; DG OSOH ..LOAD CONTROL. REGISTERS 
QOLS : OO? » RESETTING Y REGISTERS 
QOL6 OOBS » AND SEQUENCE COUNTERS 
QOO1L6 ; Oge4 »»-AND STARTING MULTIFLY 
OOS : OOS .- OPERATION al 
DELAY FOR MULTIPLY TO FINISH < 
OO16 S25 QOz6 SEX R2 ies 
OO17 SE60s OO27 INF 4; IRX »- MSE OF RESULTS IS STORED si 
OO1F ; OO2B ..AT LOCATION oO030 QO 2 
OO? bE GOs OOF INF 6; IRX a 
OO1B 6E 60; OOO INF 43; IRX a 
OOLD 6DG0O% OO31 INF Ss IFX 
QOOLF D603 OOS! INF Ss IRX 
Ooes1 6D; QO83 INF 3S ..~COMFPLETE LOADING RESULT 
QO2? : OOR4 ». INTO MEMORY LOCATIONS 
OO2s ; OORS 2290380 TO O0O35 
OO? : OO36 » «-RESULTS=OERSSSDRAZRSC 
OO? SO22; OO37 STOF BR STOF 
Odsg ; OO2B8 END 
OOOO 
The result of 201F7C16 x 72300916 is OE558DBA2B5C = 
1576061279727640. It will be stored in memory as follows: BEFORE MULTIPLY 
MDU1 MDU2 MDU3 
Register X 
Register Y 
Register Z 


MDU1 MDU2 MDU3 
Register X 
Register Y 
Register Z 
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MEMORY 
LOCATION 


0000 
0000 
0000 
0000 
0004 
0004 
0008 
0008 
000C 
000C 
000C 
OOOF 
OOOF 
OOOF 
OOOF 
0011 
0011 
0014 
0016 
0016 
0016 
0019 
0019 
0019 
001C 
001C 
001C 
001F 
001F 
0021 
0021 
0021 
0021 
0024 
0024 
0027 
0027 
0028 
0000 


OP 
CODE 


68C22000; 
68C33000; 


68044000; 


E067 FO; 


E464; 


EQ6600; 
E365; 


E067F2: 


E26D60; 


E067F0; 


E365; 


, 


E067F2: 
E26D60: 
6E: 


CDP1855, CDP1855C 


PROGRAMMING EXAMPLE FOR DIVISION 


LINE 


NO. 


0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 


ASSEMBLY 
LANGUAGE 


. Program example for a 16 bit by 8 bit divide using 1 CDP1855 MDU 
. Gives a 16 bit answer with 8 bit remainder 


. Answer is stored at 2000 hex 
. . Register 2 points to it 
. . Dividend is stored at 3000 hex 
. . Register 3 points to it 
. . Divisor is stored at 4000 hex 
. Register 4 points to it 


RLDI R2,2000H 
RLDI R3,3000H 


RLDI R4,4000H 


SEX RO; OUT 7; DC OFOH _.. . Write to the control register to use 
. clock / 2; 1 MDU; reset sequence 
. counter; and no operation 
SEX R4; OUT 4 . Load the divisor into the X register 
SEX RO; OUT 6; DC 0 
SEX R3; OUT 5 


. Load 0 into the Y register 
. . Load the most significant 8 bits of 
. . the dividend into the Z register 
SEX RO; OUT 7; DC OF2H . Do the first divide, also resets the 
. sequence counter 
SEX R2; INP 5; IRX . Read and store the most significant 
. 8 bits of the answer at 2000 hex 


SEX RO; OUT 7; DC OFOH . Reset the sequence counter 


SEX R3; OUT 5 . Load the 8 least significant 8 bits 
. of the original dividend into the Z 
. . register 


SEX RO; OUT 7; DC OF2H __.. . Do the second division 


SEX R2; INP 5; IRX . . Read and store the least significant 
. 8 bits of the answer at 2001 hex 
. Read and store the remainder at 2002 
. hex 


INP 6 
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For the divide operation (Fig. 5), the formula is: 


V3V2¥ 1232221 


X3X2X1 


Y3YoY1 
= Z3Zo0Z1 + 
X3XoX, 
EF 
ULL LLL LL DATA 8 LLL pLLL LEE LE LL BUS 
g A ) 8 WROD 
y i eee eee 7 Be tea To 
is = calls 
wa N2 
y sa Beit Nt 
g 4 | er ae Ng 
Vie | ja | | 
Vop 
Voo 
OR 
I/O SELECT 
MOST SIGNIFICANT LEAST SIGNIFICANT 
92CM- 31850 


Fig. 5 - Cascading three MDU's (CDP1855) in an 1800 system with MDU's being accessed as 
I/O ports in programming example. 


CMOS 
PERIPHERALS 


[ apenas | tami tic G ep LY LLL BUS 
7a) le 


92CS- 34407 


MOST SIGNIFICANT LEAST SIGNIFICANT 


Fig. 6 - Cascading four MDU's (CDP1 855). 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tag = -40 to +85°C, Vpp +5% tr, tf = 20 ns, Vip = 0.7 Vop, Vit = 9-3 Vpp; 
C. = 100 pF (See Fig. 7) 


LIMITS 


CHARACTERISTICe CDP1855 


Gin 
njZo 


Operation Timing 


Maximum Clock Frequency+ 


Maximum Shift Frequency 
(1 Device)A 


Minimum Clock Width 


Minimum Clock Period 


—_ 
on 
oO 


C.O. from Shift Prop. Delay Neh 


Minimum C.I. from Shift Hold tH 
Minimum Register Input Setup tsu 


H 


Register after Shift Delay ‘BAL 


Minimum Register after Shift Hold 


C.O. from C.I. Prop. Delay 


a | 
on 


Register from C.l. Prop. Delay 


| 6.4 | 
zee 
| 3.2 | 
es ee 
| — | 
| 
ae 
eee 
| | 
Minimum C.I. to Shift Setup si 
| 
ieee 
eee c 
| — | 
| | 
|_| 
Paes 
eee’ 
=e 
Loe 
es 
ee 
be 


| A —t. —_ 
= ° 2 
°o ra) ro) 


md, —_hi, awh, —_h, 
no on ro) = ~ D lon 


Maximum limits of minimum characteristics are the values above which all devices function. 
“Typical values are for Ta = 25°C and nominal voltages. | 


+Clock frequency and pulse width are given for systems using the internal clock option of the CDP1855. Clock frequency 
equals shift frequency for systems not using the internal clock option. 


AShift period for cascading of devices is increased by an amount equal to the C.I. to C.0. Prop. Delay for each device added. 


terse | 


SHIFT (PRESCALER OFF) 
tcsH 


tPLH oT PHL 


CO,YL. YR, ZL»ZR OUT 


CiIn.YLoYR: ZpsZp IN 


92CM-34840 


Fig. 7 - Operation timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5% tr, ty = 20 ns, Vipe= 0.7 Vpp; VIL = 0.3 Vpp, 
CL = 100 pF (See Fig. 8) 


LIMITS 


CHARACTERISTICe 


Write Cycle 


~“ 
on 


Minimum Clear Pulse Width 


Minimum Write Pulse Width 


~N 
oa 


Minimum Data-In-Hold 


~J 
on 


~ 
on 


= 
| — | 
tees 
Minimum Data-In Setup — 
a 
aoa 
aa 
=e 
| | 
| = | 


Maximum limits of minimum characteristics are the values above which all devices function. 
"Typical values are for Ta = 25°C and nominal voltages. 


CMOS 
PERIPHERALS 


i // \\ 
RD/WE \\\ {// 


TID T IT AT 


CE =1,RO/WE =@, AND STB= I. 
RAG-2 


TASU © 92CM-34841 
= + “TAH 


Fig. 8 - Write timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5% tr, t¢ = 20 ns, VjH = 0.7 Vpop, VIL = 0.3 Vop, 
Ci = 100 pF (See Fig. 9) 


LIMITS 
| CDP1855 CDP18 UNITS 
Typ.* 


CHARACTERISTICe 


Read Cycle 


CE to Data Out Active tcDo 
Address to Data Access tAA 
Data Out Hold after CE tDOH 
Data Out Hold after Read tDOH 


Read to Data Out Active tRDO 


Read to Data Access 


[100 | 150 | — 
| 300 | 450 | — | 
| 150 | 225 | — 
| 300 | 450 | — | 
_ 150 | 225 | — | 
| 150 | 225 | 50 __ 
75 | 115 | — | 
|150_ | 225 | 50 | 15 
75 | 115 | — | 
| 200 | 300 | — 
| 100 | 150 | — 
| 200 | 300 | — | 
| 100 | 150 | — 
| 200 | 300 | 50 | 
| 100 | 150 | — | 
oe Re 


Strobe to Data Access 


Minimum Strobe Width 


—_ sb _ _ 
~J 
on 


~J 
on 


@Maximum limits of minimum characteristics are the values above which all devices function. 
“Typical values are for Ta = 25°C and nominal voltages. 


RDO 
aa 


92CM-3!852 


Fig. 9 - Read timing diagram. 
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m — CDP1857 
SEMICONDUCTOR CDP1857C 


February 1992 4-Bit Bus Buffer/Separator 
Features Description 
¢ Provides Easy Connection of VO to CDP1800- The CDP1857 and CDP1857C are 4 bit CMOS non-inverting bus 
Series Microprocessor Data Bus. separators designed for use in CDP1800-series microprocessor 
systems. They can be controlled directly by a 1800-series 
¢ Non-inverting Fully Buffered Data Transfer microprocessor without the use of additional components. 


The CDP1857 is designed for use as a bus buffer or separator between 
the 1800-series microprocessor data bus and I/O devices. It provides a 
chip-select (CS) input signal which, when high (1), enables the bus-sep- 
arator three-state output drivers. The direction of data flow, when 
enabled, is controlled by the MRD input signal. 


In the CDP1857, when MRD = 1, it enables the three-state bus drivers 
(DBO-DB3) and transfers data from the DATA-IN lines onto the data bus. 


Plastic DIP -40°C to +85°C |CDP1857CE ae 
Ceramic DIP | -40°C to +85°C |CDP1857CD ot When MRD = 0, it disables the three-state bus drivers (DBO-DB3) and 
enables the three-state data output drivers (DOO-DO3), thus 


TABLE 1. CDP1857 FUNCTION FOR I/O BUS SEPARATOR ___ transferring data from the data bus to the DATA-OUT terminals. 
OPERATION 


DATA BUS OUT DATA OUT 
DBO-DB3 DO0-DO3 


po} x High Impedance High Impedance 


Ordering Information 


TEMPERATURE 
RANGE 5V 


The CDP1857 can be used as a bi-directional bus buffer by connecting 
the corresponding DI and DO terminals (Figure 1). The MRD output 
signal from the 1800-series microprocessor has the correct polarity to 
control the CDP 1857 when it is used as I/O bus buffer/separator. There- 
fore, the 1800-series microprocessor MRD signal can be connected 
directly to the MRD input of CDP 1857. See Function Table 1 for use of 


Lae, Oe High Impedance the CDP 1857 as an I/O bus buffer/separator. ” 
Pt} 4 | Daten High Impedance The CDP1857 is functionally identical to the CDP1857C. The CDP1857 od 
has a recommended operating-voltage range of 4 to 10.5 volts, and the O ul 
CDP1857C has recommended operating-voltage range of 4 to 6.5 volts. = - 
The CDP1857 and CDP1857C are supplied in 16-lead hermetic, dual- Oo 7 
in-line ceramic packages (D suffix), and in 16-lead plastic packages (E TT 
suffix). a. 
Pinout Functional Diagram for CDP1857 
16-LEAD DIP 
TOP VIEW org O! 
14 -) oBg 
p06 O- 
or! Of e ° 
30 08) 
001 © 
or2 OF > 
26 oB2 
poz O- 
pr3 O P. 
"oO 083 
D030” 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 1 192.1 
Copyright © Harris Corporation 1992 ae 


Specifications CDP1857, CDP1857C 


Static Electrical Characteristics At T, = -40°C to +85°C, Except as Noted: 


CONDITIONS 
CHARACTERISTIC | SYMBOL 


Quiescent Device 
Current 

Output High Drive 
(Source) Current 


LIMITS 


85 CDP1857C 


TYP 
Note 1) 


© 
oO 
Uv 
=k 
~ 


< 


Sé 
SF 


UNITS 


—_~ 


3 


p=] 
< 
2 < 
o 
Zz 
ow 
i a 
od 


Input A 
100 pA 
7.5 7.5 
NOTES: 
1. Typical values are for Ty, = +25°C and nominal voltage. 3. lo, =loy = 1pA. 
2. Operating current measured in a CDP 1802 system at 3.2MHz 
with outputs floating. 


Dynamic Electrical Characteristics At T, = -40°C to +85°C, Vop = 5%, V iy.= 0.7 Vop, Vi. = 0.3 Voo, t,, = 20ns, C, = 100pF 


LIMITS 
| CDP1857—— 857 CDP1857C 


CHARACTERISTIC 
Propagation Delay Time: 
MRD or CS to DO 
MRD or CS to DB 


Di to DB 


DB to DO 


NOTE: 1. Typical values are for Ty = 25°C and nominal voltages. 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CDP1857 
CHARACTERISTIC 


Supply-Voltage Range 
Recommended Input voltage Range 
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Specifications CDP1857, CDP1857C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): 
(All Voltages Referenced to Vsg Terminal) 


COPIBS7 s.nsucs ees ewea need eee ere ke —-0.5V to +11V 
COPTE5 7 Cvs Rha eee Caeser siesta -—0.5V to +7V 
Input Voltage Range, All Inputs ............. —0.5V to Von +0.5V 
DC input Current, Any One Input.............. 00.00.00 eee +10mA 
Power Dissipation Per Package (Pp) 
T, = —40°C to +60°C (Package Type E).............. 500mWw 
T, = +60°C to +85°C (Package Type E)...... Derate Linearly at 
12mW/C to 200mW 
Ta = -55°C to +100°C (Package Type D)............. 500mWw 


Ta = +100°C to +125°C (Package Type D)... . Derate Linearly at 
12mW/C to 200mW 


Timing Diagrams 


cS 


si. iat: ene eeu eee NG 


tes tes 


DB 5 90% 


mF NN 
Di X a 
DB C VALID DATA» DATA 


(b) DITO DB TIME 


Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package Typ@S)......... 0. ccc eee eee eee ee tees 100mW 
Operating Temperature Range (Ta): 

Package Type D ............ 0... cee eee -5§5°C to +125°C 

Package Type E.......eec ccc ee c eet eeee —40°C to +85°C 
Storage Temperature Range (Tyg) ...---..+--. —65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... 0... cece ee eee eee +265°C 


CS 


cit) Gee ene GARE 


te tep 


DB 5, 90% 
10% 


(b) ENABLE TO DO TIME 


SS 


DB C VALID DATA DATA 


(b) DB TODO TIME 


FIGURE 2. TIMING DIAGRAMS FOR CDP1857 
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CDP1857, CDP1857C 


Typical Applications 


DIG-013 


MRO 


COP 1857 


‘MRD 
000-003 => 


COP 1857 


DATA BUS (8) 


D80-083 DIg- 013 


OIO- OF3 08g-D83 


MRO cs DOg- 003 


DIRECTION ENABLE 8US-TO-8US 


CONTROL DATA TRANSFER cs 


92CS-28096 


FIGURE 3. CDP1857 BIDIRECTIONAL BUS FIGURE 4. CDP1857 BUS SEPARATOR OPERATION 
BUFFER OPERATION 
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CDP1871A 
CDP1871AC 


CMOS Keyboard Encoder 


| Ss 


SEMICONDUCTOR 


REFERENCE APP NOTE 7374 


February 1992 


Features Description 


The CDP1871A is a keyboard encoder designed to 
directly interface between a CDP1800-series micro- 
processor and a mechanical keyboard array, providing 
up to 53 ASCII coded keys and 32 HEX coded keys, 
as shown in the system diagram (Figure 1). 


¢ Directly Interfaces with CDP1800-Series Microprocessor 
¢ Low Power Dissipation 
e 3-State Outputs 


e Scans and Generates Code for 53 Key ASCII Keyboard Plus 
32 HEX Keys (SPST Mechanical Contact Switches) 


¢ Shift, Control, and Alpha Lock Input 
RC-Controlled Debounce Circuitry 


Single Supply 4V to 10.5V.................. (CDP1871A) 
AV 10: 6.5V i056 0 826k eee e's (CDP1871AC) 


The keyboard may consist of simple single-pole sin- 
gle-throw (SPST) mechanical switches. Inputs are pro- 
vided for alpha-lock, control, and shift functions, 
allowing 160 unique codes. An external R-C input is 
available for user-selectable debounce times. The N- 
key lock-out feature prevents unwanted key codes if 
two or more keys are pressed simultaneously. 


The CDP1871A and CDP1871AC are functionally 
identical. They differ in that the CDP1871A has a rec- 
ommended operating voltage range of 4V to 10.5V, 
and the CDP8171AC has a recommended operating 
voltage range 4V to 6.5V. These types are supplied in 


e N-Key Lockout 


Ordering Information 


TEMPERATURE 
RANGE 5V 


Plastic DIP -40°C to +85°C |CDP1871ACE |CDP1871AE 


40 lead dual-in-line ceramic packages (D suffix), and 
40 lead dual-in-line plastic packages (E suffix), and 44 
lead plastic chip-carrier packages (Q suffix). 


Burn-in 


CDP1871ACEX |CDP1871AEX 


CMOS 
PERIPHERALS 


Ceramic DIP 


Burn-in 


Pinouts 


40 LEAD DIP 
TOP VIEW 


44 LEAD PLCC 
(Q Suffix) TOP VIEW 


4d Vop 
a] SHIFT 
a] CONTROL 


ALPHA 
5] DEBOUNCE 

] RTP Ds APT 

ib, vs TPB 
D7 DA 

BUS7 a De 
BUS 6 BUS 7 
BUS 5 D9 BUS 6 
BUS 4 p10 BUS 5 
BUS 3 oC BUS 4 


CS4 S4 N.C. 
| cs3 
cs2 26 22 20 
ai TODO OOOoOoo 
~ =—- OS So ¢§ 
BSGRIB EES es 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


; File Number 1374.1 
Copyright © Harris Corporation 1992 
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! 
| 


UP TO II SETS 
OF 8 SWITCHES EACH 


COPIB7IA | 


! | Oo, 0, 0) 6,0, 6, d& 6 
Ay ttre 
12 . 


? 
UZ 


7, 


BUSO - BUS7 


8- BIT DATA 8US 


FIGURE 1. TYPICAL CDP1800 SERIES MICROPROCESSOR SYSTEM USING THE CDP1871A 


esV@) “{setect cs SCAN CLOCK}  3-sTAGE 5-STAGE 
cs2 6 COUNTER SCAN COUNTER 
cs3 @ 

23 BUS ENABLE 
cs4 4) 

CONTROL BUS O 
' 

x 


Ici-c3 
VoD KEY 
DETECT 
R 


F/F 


DEBOUNCE 


6) 
a7 a 


KEY DOWN 
DETECT LATCH 
STATUS --- 


oo LATCHES 
RPT (35) 
Rpp| 2Rpp 
. FROM TO = = 
KEY BOARD KEY BOARD : 
sense 2 D orve OY & OD 8 
S! Lines $8 D! LINES Dll ALPHA SHIFT CONTROL 


FIGURE 2. CDP1871A BLOCK DIAGRAM 
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CDP1871A, CDP1871AC 


Absolute Maximum Ratings 
(All Voltages Referenced to Vss Terminal) 


COPISTIAL ces cohorts Goad eek et aoe aes ~0.5V to +11V 
COPRIBIIAG 22 tasted neeweh wae eae ta —0.5V to +7V 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V 
DC Input Current, any One Input....................00 ee +10mA 
Power Dissipation Per Package (Pp) 
Ty = —40°C to +60°C (Package Type E).............. 500mW 
Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at 
12mWPC to 200mW 
Ta = -55°C to +100°C (Package Type D)............. 500mWw 
T, = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mWPC to 200mW 


T, = —40°C to +850°C (Package Type Q)Note1........ 500mW 
Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package Typ@S)............ cece eens rrr ree 100mWw 
Operating Temperature Range (T,): 

Package Type D............. cece eee eee -55°C to +125°C 

Package Type EandQ ............. cee eee —40°C to +85°C 
Storage Temperature Range (Tyg) ......------ -65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 t 0.79mm) 
from case for 10S MAX... . 2. keene eee +265°C 


NOTE: 1: Printed-circuit board mount: 57mm x 57mm minimum area x 1.6mm thick G10 epoxy glass, or equivalent. 


Recommended Operating Conditions at T, = -40 to +85°C. For maximum reliability, operating conditions should be 


selected so that operation is always within the following ranges: 


CDP1871AD, CDP1871AE CDP1871ACD, CDP1871ACE 


Recommended Input Voltage 
Range 


Clock Input Frequency, TPB 
(Keyboard Capacitance = 200 pF) 


a ee a 
" 
ee ee ee 
ee EE 
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Specifications CDP1871A, CDP1871AC 


_ STATIC ELECTRICAL CHARACTERISTIC at Ta = -40 to +85°C, except as noted 


CONDITIONS LIMITS . 


CDP1871AD CDP1871ACD | UNITS| 
-  CDP1871AE 


CHARACTERISTIC 


.?) 
=] 
a] 
=k 
Co 
~ 
= 
> 
O 
m 


[ MIN. | TyP.* | MAX. | MIN. | TYP.* | MAX. | 
Quiescent Device Se me a a Y 
Current eae =| 1 |e [=| —|-1* 
Output Low Drive (sink) Current ! fos | 1 [| — {os | 1 | — | 
(except debounce and D1-D11) 06. fone. [0 [4 fe fe pe 
| o7s[ 15 | — [o7s| 15 | — | 
Debounce [os loro [ro | 1 | 2{[-{[—|[-[—-],, 
| 04 [os | 5 | o | ov [| — | 05 | or | — | 
D1-D11 ee ee ee ee a 
gee ere ee) 
lo { 95 [0,10 | 10 [-o.75 [| -15 | — | — | — | — | 
input towvotage = Foss = ts tf Af ts | 
(except Debouncey Vu (9 | — [10 | —| -~| 3 |-|—|—_| 
palin ro a Co) a 
(except Debounce) vwf 19 | — |] 7]|—-j};-|;-|—|—| 
Debounce Schmitt Trigger 
Positive Trigger Voltage | os | — [1 | 40 | 63 | eo | ~ | ~ | — | 
| 04 | — | 5 | o8 | 18 | 30 | o8 | 18 | 30] v 
Negative Trigger Voltage he OO ee OL Tt Oh SO Os, | ee es 
| 0.4 1.6 
Hysteresis SMe ee iS ae 2s 
JOutputotiage tow Level | | a ao 8 
2 ee Oe ee ee ee ee ee ee 
a ae 
Vorf — | 010 [to [ees] 7 | — |—|—|—| 
| Input Leakage Current ae ee ee ee ee ee a 
(except $1-S8, Shift, Control) inf — [010 | 10 | —| o | + |—|—|—| 
tL ON on eee - 
io [ o10 [oro [1 | — | o | 2{-|-—!| —| 
Mevanenncowsy te ~ |~ |~ | 7] * | : 
(S1-S8, Shift, Control) Rep 
Operating Current 
ener lagen josas| os |s | — | os | ~ | — | os | — | m 


*Typical values are for Ta = +25°C. and nominal Vpp. 
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CDP1871A, CDP1871AC 


FUNCTIONAL DESCRIPTION OF CDP1871A TERMINALS 


D1 — D11 (Outputs): 
Drive lines for the 11 x 8 keyboard switch matrix. These 


Outputs are connected through the external switch matrix 
to the sense lines (S1 — S8). 


S1 — S8 (Inputs): 


Sense lines for the 11 x 8 keyboard maxtrix. These inputs 
have internal pull-down resistors and are driven high by 
appropriate drive line when a keyboard switch is closed. 


CS1, CS2, CS3, CS4 (Inputs): 

Chip select inputs, which are used to enable the tri-state 
data bus outputs (BUS 0 — BUS 7) and to enable the 
resetting of the status flag (DA), which occurs on the low- 
to-high transition of TPB. These four inputs are normally 
connected to the N-lines (NO-N2) and output of the 
CDP1800-series microprocessor. (Table 2) 


BUS 0 — BUS 7 (Outputs): 

Tri-state data bus outputs which provide the ASII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS 0 — BUS 7 terminals of the CDP1800- 
series microprocessor. 


DA (Output): 

The data available output flag which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A. 
This output is normally connected to a flag input (EF T-EF4) 
of the CDP1800-series microprocessor. 


TPB (Input): 
The input clock used to drive the scan generator and reset 


the status flag (DA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 


RPT (Output): 

The repeat output flag which is used to indicate that a key is 
still closed after data has been read from the CDP1871A 
(DA = high). It remains low as long as the key is closed and 
is used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1-EF4) of 
the CDP1800-series microprocessor. 


DEBOUNCE(Input): 


This input is connected to the junction of an external resis- 
tor to Vop and capacitor to Vss. It provides a debounce time 
delay (t = RC) after the release of a key. If adebounce is not 
desired, the external pull-up resistor is still required. 


ALPHA, SHIFT, CONTROL (Inputs): 


A high on the SHIFT or CONTROL inputs will be internally 
latched (after the debounce time) and the drive and sense 
line decoding will be modified as shown in Table 3. They are 
normally connected to the keyboard, but produce no code 
by themselves. The SHIFT and CONTROL inputs have in- 
ternal pull-down resistors to simplify use with momentary 
contact switches. The ALPHA input is not latched and is 
designed for a standard SPDT switch to provide an alpha- 
lock function. When ALPHA = 1 the drive and sense line 
decoding will be modified as shown in Table 3. 


Vop, Vss: 


Voo is the positive supply voltage input. Vss is the most 
negative supply voltage terminal and is normal connected 
to ground. All outputs swing from Vss to Vop. The recom- 
mended input voltage swing is ‘from Vss to Vopp. 


TABLE 1 — SWITCH INPUT FUNCTIONS 


CDP1800- 
SERIES 
SIGNAL 
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CDP1871A, CDP1871AC 
TABLE 3 — DRIVE AND SENSE LINE KEYBOARD CONNECTIONS} 


7) 
ul 
é 
a 
w 
= 
a 
Q 


ESCAPE 


RETURN 


Y) 
Lu 
uJ 


vi CARRAIGE 


ALPHA* 


SHIFT" 


CONTROL” 


NORMAL 


NO RESPONSE 


*CONTROL overrides SHIFT and ALPHA 


¢Showing ASCII outputs for all combinations with and without SHIFT, ALPHA LOCK and CONTROL. 


+Drive lines 8, 9, 10, and 11 generate non-ASCI! hex values which can be used for special codes. 


TABLE 4 — HEXIDECIMAL VALUES OF ASCII CHARACTERS 
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CDP1871A, CDP1871AC 


OPERATION 


The CDP1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic (Fig. 2). 
The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1-D11) and the sense lines 
(S1-S8). The outputs of the internal 5-stage scancounter 
are conditionally encoded by the ALPHA, SHIFT, and CON- 
TROL inputs (Table 1, Table 3) and are used to drive the 
D1-D11 output lines high one ata time. Each D1-D11 output 
may drive up to eight keys, which are sampled by the sense 
line inputs (S1-S8). The S1-S8 inputs are enabled by the 
internal 3-stage scancounter. 


The control logic interfaces with the CDP1800-series !/O 
and timing signals to establish timing and status conditions 
for the CDP1871A. 


The TPB input clocks the scancounters and is also used to 
reset the Data Available output (DA). When a valid keydown 
condition is detected on a sense line, the control logic 
inhibits the clock to the scancounters on the next low-to- 
high transition of TPB and the DA output is set low. The 
scancounter outputs (C1-C8) represent the ASCII and HEX 
key codes and are used to drive the BUS 0 — BUS 7 outputs, 
which interface directly to the CDP1800-Series data bus. 
The BUS 0 — BUS 7 outputs, which are normally tri-stated, 
are enabled by decoding the CS inputs during a CPU input 
instruction (Table 2). The low-to-high transition of TPB 
during the_input instruction resets the DA output high. 
Once the DA output has been reset, it cannot go low again 
until the present key is released and a new keydown condi- 
tion is detected. (This prevents unwanted repeated keycode 
outputs which may be caused by fast software routines). 


After the depressed key is released and the debounce delay 
(determined by RX, CX) has occurred, the scan clock inhibit 


is removed, allowing the scancounters to advance on the 
following high-to-low transitions of TPB. This provides an 
N-key lockout feature, which prevents the entry of errone- 
ous codes when two or more keys are pressed simulta- 
neously. The first key pressed in the scanning order is 
recognized, while all other keys pressed are ignored until 
the first key is released and read by the CPU, at which time 
the next key pressed in the scanning order is detected. If the 
first key remains closed after the CPU reads the data and 
resets the DA output, on the low-to-high transition of TPB, 
an auxiliary signal (RPT) is generated and is available to the 
CPU to indicate an auto-repeat condition. The RPT output 
is reset high at the end of the debounce delay after the 
depressed key is released. 


The DEBOUNCE input provides a terminal connection for 
an external user-selected RC circuit to eliminate false de- 
tection of a keydown condition caused by keyboard noise. 
The operation of the DEBOUNCE circuit is shown in Fig. 2 
(Pin 36). When a valid keydown is detected, the on-chip 
active-resistor device (Rn) is enabled and the external ca- 
pacitor (Cx) is discharged, providing a key closure de- 
bounce time = RnCx. This discharge is sensed by the 
Schmitt-tigger_inverter, which clocks the DA flip-flop 
(latching the DA output low and inhibiting the scan clock). 
(The DA F/F is reset by the low-to-high transition of TPB 
when the CS inputs are enabled). When a valid key-release 
is detected Rw is disabled and Cx begins to charge through 
the external resistor (Rx), providing a key-release debounce 
time = RxCx. This charge time is again sensed by the 
Schmitt-trigger inverter, enabling the scan clock to con- 
tinue on the next high-to-low transitions of TPB, after the 
current keycode data is read by the CPU. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta -40 to +85°C, Von +5% 


CHARACTERISTIC 
Clock Cycle Time 
Clock Pulse Width High 
Data Available Valid 


Delay 
Data Available Invalid 


Delay 

Scan Count Delay 
(Non-Repeat) 

Data Out Valid Delay 


*Typical Values are for Ta = + 25°C and nominal Vop 
Note 1: tee = town + towr 

tow. = tep1 + KC 

k = 0.9 ns per pF 

c = keyboard capacitance (pF) 


LIMITS 


CDP1871AD CDP1871ACD 
Vop CDP1871AE CDP1871ACE UNITS 
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CDP1871A, CDP1871AC 


TPB towHh®— cw 
| 
| 


| 4 Kt DAH 
Me ee (ce ee ee 
| 7 | | 


| | | | 
We RyC x h-— xcx—>| | | 


DE BOUNCE a. «en ee mr aaa 
| | | "oot ae 
DI- DI! PRESENT, COUNT : X NEXT COUNT 


cs* | 
—o| ae | ‘CDH a 
BUS BUST pp va 


* — 
CS= CSI eCS2 eCS3eCS4 92CM- 35006 
CST, CS2,CS3 = CPU N-LINES 
CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 


Fig. 3 — CDP1871A dynamic timing diagram (non-repeat). 


7 
KEY | 
DEPRESSED CLOSED OPEN 


DEBOUNCE 
Ot- Dll PRESENT COUNT ( NEXT COUNT 
aa tcov “ — tcpH ; 


eus0-8U7 VR 


* cs=TSleCS2 eCS3*CS4 92CM— 35007 
CS= CSI, CS2,CS3= (CPU N-LINES) 
CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 


Fig. 4 — CDP1871A dynamic timing diagram (repeat). 
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MAIN 
PROGRAM 


INPUT KEY 
DATA 


STORE KEY 


DISPLAY 
CHARACTER 


PERIPHERALS 


92CM- 32530RI 
Fig. 5 — Typical system software flowchart 
for CDP1871A, CDP1871AC. 
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a s —~—~_CDP1872C, 
muisene's* CDP1874C, CDP1875C 


February 1992 High-Speed 8-Bit Input and Output Ports 


Features Description 


¢ Parallel 8-Bit Input/Output Register with Buffered Outputs The CDP1872C, CDP1874C and CDP1875C devices 
: _ are high-speed 8-bit parallel input and output ports 

¢ High-Speed Data-in to Data-Out. .. . 85ns (Max.) at Vpp = 5V designed for use in the CDP1800 microprocessor 
¢ Flexible Applications In Microprocessor Systems as Buffers system and for general use in other microprocessor 
and Latches systems. The CDP1872C and CDP1874C are 8-bit 


input ports; the CDP1875C is an 8-bit output port. 

* High Order Address-Latch Capability in CDP1800-Series  "?"P Baie 
Microprocessor Systems These devices have flexible capabilities as buffers and 

data latches and are reset by CLR input when the data 
Output Sink Current = 5mA (Min.) at VDD = 5V strobe is not active. : F 
3-State Output - CDP1872C and CDP1874C The CDP1872C and CDP1874C are functionally iden- 
tical except for device selects. The CDP1872C has one 
active low and one active high select; the CDP1874C 
Ordering Information has two active high device selects. These devices also 


feature 3-state outputs when deselected. Data is 
TEMP. strobed into the register on the leading edge of the 

RANGE CDP1872C CDP1874C CDP1875C 
| to |cpp1872cE |CpP1874cE | CDP1875CE 
DIP 


CLOCK and latched on the trailing edge of the 
/CDP1872CEX | 


CLOCK. 
Ceramic -40°C to | CDP1 tle — 875CD 
DIP +85°C 


the registers when the device selects are active. There 
are two active high and one active low selects. The 
output buffers are enabled at all times. 


These devices are supplied in 22-lead hermetic, dual- 
in-line side-brazed ceramic packages (D suffix) and in 
22-lead dual-in-line plastic package (E suffix). 


The CDP1875C is an output port with data latched into 


Pinouts 
CDP1872C INPUT PORT CDP1874C INPUT PORT CDP1875C OUTPUT PORT 
TOP VIEW TOP VIEW TOP VIEW 
Vo csi cst Vop 
DI7 DIO DIO DI7 
D07 DOO DOO D07 
DI6 Di1 Dit DI6 
DO6 DO1 DO1 D06 
DIS Di2 Di2 DIS 
DOS DOo2 Do2 DOs 
Di4 DI3 DI3 DI4 
Do4 DO3 DO3 D04 
CLR CLOCK CS3 CLR 
cs2 Vss Vss cs2 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 1255.1 


Copyright © Harris Corporation 1992 
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Specifications CDP1872C, CDP1874C, CDP1875C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DG SUPPEY-VOLTAGE- RANGE, (Vino) si iuies p56 ax icon sare od 22.8 Vee ncaa son dare ne Oa Se ae -0.5 to +7 V 
(Voltage referenced to Vss Terminal) 
INPUT VOLTAGE:RANGE, ALL INPUTS. cose o6 Peete be ds aarewa wl gnehe oie wae Cae be ha he Sieh Hawke Oke eh ada -0.5 to Voo +0.5 V 
DC INPUT CURRENT.,-ANY ONE INPUT 3 scores Svieviaecd eet c his ey le odie s cede Sa haw bee MS GEA Ri bwin Odea REE ei +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = -40°C to +60°C (PACKAGE TYPE E) ......cc.ccccccccccccsuvcceuederctvcsecedvccneeosvcaecvucusvvacsaeceweucees 500 mW 
For Ta = +60°C to +85°C (PACKAGE TYPE E) .... 0... ccc cece cee cece cccccaceeeees Derate Linearly at 12 mW/°C to 200 mW 
For Ta = -55°C to +100°C (PACKAGE TYPE D) .........cccccccccvcccccucevcesscttevccctcedeccceeetceccvesvuccesucsvaees 500 mW 
For Ta = +100°C to +125°C (PACKAGE TYPE D)........ ccc cece cece cece cee tecceuctnceeeeeee Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta - FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............. cc ccc cece ccc etcceceeeeceesesuuees 100 mW 
OPERATING-TEMPERATURE RANGE (T,): 
FACKAGE TYPED po. i250 coup atatamaeungeee cya We tole ois cowie Aleanee our aess aiken ned dae tbeaavuclecaulmeutieles -55°C to +125°C 
FACKAGEIYPE. Bese rnen terete untae cn tages cone saath e oleae at Haha thee bee aG abused ean ae been Re enue es -40°C to +85°C 
STORAGE TEMPERATURE RANGE (Taig) isto cia.oss once wenccc nd lan bead ewan ety Sa dadee acaba racecars eww ode couwisas 65°C to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. .... cece cece cece tcc ec ceeseeeseteetecevveeveceuuees +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = -40°C to +85°C. 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
ALL TYPES 


CHARACTERISTIC 


DC Operating-Voltage Range 


Input Voltage Range Mss toVoo - 


LIMITS 


CMOS 
PERIPHERALS 


ALL TYPES 


oe ca ee ee 
eee ee 

V 
Eze 15 


Quiescent Device Current loo 


CHARACTERISTIC ae 
a 
04 | 


Output Low Drive (Sink) Current lo 
Output High Drive (Source) Current 


Output Voltage Low-Level * Vou sa 


| 
x 
> 
om 


Output Voltage High-Level * Von 


Input Low Voltage Vin 0.5, 4.5 


Input High Voltage 


| 
=x 


Input Leakage Current lin 


3-State Output Leakage Current # lour eee 


Input Capacitance Cin 


Output Capacitance # Court 


® Typical values are for Ta = 25°C and Von 5%. 
"for = lon = 1 WA. 
# For CDP1872C and CDP1874C only. 
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Specifications CDP1872C, CDP1874C, CDP1875C 


92CS- 33008 


Fig. 1 - Equivalent logic diagram (1 of 8 latches shown) Fig. 2 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1872C. for CDP1874C. 


92CS- 33007 
Fig. 3 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1875C. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Voo = 5 V, t,, t: = 10 ns, Vin = 0.7 Voo, 
Vii = 0.3 Vop, C. = 150 pF 


LIMITS 


CHARACTERISTIC 


Input Port (Fig. 4) 


Output Enable 
Our ut Disable be 


_ Minimum Clock Pulse Width tet 
Minimum Clear Pulse Width 
® Typical values are for Ta = 25°C and Vop 5%. +t Maximum values are for Ta = 85°C and Vpp +5%. 
CSi- CS2 
(CDPI872¢) ; — 
cst -CS2 DSU ton 


CDPI874C) 


(HIGH Z) 


CLR 


tcr 92CM- 33006 
Fig. 4 - Timing waveforms for CDP1872C and CDP1874C (input-port types). 
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Specifications CDP1872C, CDP1874C, CDP1875C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Voo = 5 V, t,, t: = 10 ns, Vin = 0.7 Vo, 
Vit = 0.3 Vop, Cr = 150 pF 


LIMITS 
CDP1875C UNITS 


CHARACTERISTIC 


Output Port (Fig. 5) 


| Clock toDataout tes | 
| Greartooupt item | 
| Dataintodataout to | 


e Typical values are for Ta = 25°C and Vop +5%. 
+ Maximum values are for Ta = 85°C and Vpp +5%. 


= / \ 
CSI CS2 -CS3=CLOCK 
be-——_ tos ———+| 
| . 


| . 
| | | 7 
| : 

| 


| 
VOLO 'cRO | 


zi 


Q 
a 


top> 
92CM-33005 


Fig. 5 - Timing waveforms for CDP1875C (output port). 


COPI875C 
cs2 


COPI802 


DO[ DATA OUT 


TPB 
DATA BUS 
O-7 


92CM- 33004 


Fig. 6 - CDP1874C used as an input port and address latch with 
CDP1875C used as an output port. 
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CDP1872C, CDP1874C, CDP1875C 


CLOCK 


cs2 


C DATA IN 
CDP1872C 


DATA BUS 


DATA BUS 
CDOPIBO2A 


92CS-33003R 2 


Fig. 7 - CDP1872C used as an input port and selected by CD74HC138. 


MRD 
CcOPI802 


NO_NI N2 00-07 


pata INT» [para out 


COPI874C COPI875C 


csi 
cs2 
DATAIN(__» DI Do ea DATA OUT 
TPB cSs3 
CDP1874C COP1875C 


MEMORY 
92CS -33002 


Fig. 8-CDP1874C and COP1875C used as input/output buffers. 
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Programmable Interrupt Controller (PIC) 


FARRIS 


SEMICONDUCTOR 


uD 


February 1992 


Description 


The CDP1877 and CDP1877C are programmable 8-level interrupt control- 
lers designed for use in CDP1800 series microprocessor systems. They 
provide added versatility by extending the number of permissible interrupts 
from 1 to N in increments of 8. 


Features 
¢ Compatible with CDP1800 Series 


e Programmable Long Branch Vector Address and 
Vector interval 


When a high to low transition occurs on any of the PIC interrupt lines (TRO to 

1R7), it will be latched and, unless the request is masked, it will cause the 
INTERRUPT line on the PIC and consequently the INTERRUPT input on 
the CPU to go low. 


The CPU accesses the PIC by having interrupt vector register R(1) loaded 
with the memory address of the PIC. After the interrupt S3 cycle, this regis- 
ter value will appear at the CPU address bus, causing the CPU to fetch an 
instruction from the PIC. This fetch cycle clears the interrupt request latch 
bit to accept a new high-to-low transition, and also causes the PIC to issue a 
long branch instruction (CO) followed by the preprogrammed vector address 
written into the PIC’s address registers, causing the CPU to branch to the 
address corresponding to the highest priority active interrupt request. 


¢ 8 Levels of Interrupt Per Chip 
¢ Easily Expandable 

e Latched Interrupt Requests 

e Hard Wired Interrupt Priorities 
¢ Memory Mapped 


e Multiple Chip Select Inputs to Minimize Address 
Space Requirements 


If no other unmasked interrupts are pending, the INTERRUPT output of the 
PIC will return high. When an interrupt is requested on a masked interrupt 
line, it will be latched but it will not cause the PIC INTERRUPT output to go 
low. All pending interrupts, masked and unmasked, will be indicated by a “1” 
in the corresponding bit of the status register. Reading of the status register 
will clear all pending interrupt request latches. 


Several PICs can be cascaded together by connecting the INTERRUPT out- 
put of one chip to the CASCADE input of another. Each cascaded PIC pro- 
vides 8 additional interrupt levels to the system. The number of units 
cascadable depends on the amount of memory space and the extent of the 
address decoding in the system. 


Ordering Information 


TEMPERATURE 
RANGE 5V 
Plastic DIP | -40°C to +85°C [CDP1877CE |CDP1877E 


Ceramic -40°C to +85°C |CDP1877CD |CDP1877D 
DIP 
copier7cox] 


CMOS 
PERIPHERALS 


Burn-in 


Interrupts are prioritized in descending order; IR7 has the highest and TRO 
has the lowest priority. 


The CDP1877 and CDP1877C are functionally identical. They differ in that 
the CDP1877 has a recommended operating voltage range of 4V to 10.5V, 
and the CDP1877C has a recommended operating voltage range of 4V to 
6.5V. These types are supplied in 28 lead dual-in-line ceramic packages (D 
suffix), and 28-lead dual-in-line plastic packages (E suffix). 


Pinout Programming Model 
28 LEAD DIP PROGRAMMABLE INTERRUPT CONTROLLER (PIC) 
TOP VIEW BUS 7 BUS 0 
Seer a at | PAGE REGISTER | REGISTER WRITE 
ie be 1 sie | ia te oe ae | | on be 
Re (al BUS 6 
ins La) BUS 5 Sor | os | os Pee WRITE 
ral a ee | or | oo | omy 
3 Lal BUS 3 
iR2 Lz BUS 2 WRITE 
ar wuss | {ow | ws | ns [me =e ont 
a6 [a BUS 0 
Tea lig C/A READ 
rol des | |_sv | so | ss Doe si | so | ow 
MWR lia & 
oe ie READ 
vs mL or | oe | os Pe ==. ont 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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Specifications CDP1877, CDP1877C 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss terminal) 


RNB estas aerate rind 0 ea oe ake aes ee gas ng eer eee elasS eee ade Baas sn ae Bog Mae aeees Wieden etiaeeeabe —0.5 to +11 V 

CBP ISIS attest teas aiier hr in hah cot on ott cs acute dipedahig muse ce eRe ei ateued teen ht wiasnee ese —0.5 to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS ........... ccc cece ccc ce cee ce cee cecceecnsveceeeetestereceesesteseeress —0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..............ccccccccecccccccececeeeeeeeceseeseuneeesueeuseseececussnuuenseess +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): | 

For Ta=—40 to +60°C (PACKAGE TYPE E)............00005 ya al eave care toc cael oe eens ae are rae rotate? 500 mw 

For Ta=+60 to +85°C (PACKAGE TYPE E) 0.0... ccc ccc cece cece eet c ec eeteeeeevererees -, Derate Linearly at 12 mW/°C to 200 mW 

For Ta=—55 to +100°C (PACKAGE TYPE D) ........... ib iiocsreslnoiesgahie eA nets phe ae seine aia ase Se Reece aaa eaonne as 424/500: MW. 

For Ta=+100 to 125°C (PACKAGE TYPE D) ..... ccc ccc cece r eee eet teeeceeerenece Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............cccececececcceecetecececesecneeeeeas 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE 0) iscaui ek te boon gta hieaelu anaes cuss pagans Neved se ae-ew nele Mead eas <Naween gine wheda —55 to +125°C 

PACKAGE TV PE © usioes aah 5 avetta ri his barnes osama ahd ours aa tant lorreiad whee canta we aea eis rao heohas —40 to +85°C 
STORAGE-TEMPERATURE RANGE (Tata) cecGiacene ves tase relat ctawe ved petinee ete aoraateemamyecenneuds —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): | 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 S MAX. ........- cece eee eee cence eee e nee e eee eeenneneneee +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp +5%, Except as notea 


CONDITIONS , LIMITS 


CHARACTERISTIC 


Quiescent Device 
Current — IDD 


Output Low Drive 
(Sink) Current 


Output High Drive 
(Source) Current 

Output Voltage 
Low-Level 

Output Voltage 
High Level 

input Low 
Voltage. 

Input High 


Input Leakage 
Current 
3-State Output Leakage 
Current 
input Capacitance 
Output Capacitance 
Operating Device 
Current | 


*Typical values are for Ta=25°C and nominal Vpp. +1OL=loH=1 BA. 
# Operating current measured under worst-case conditions in a 3.2-MHz CDP1802A system: 
one PIC access per instruction cycle. 
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DC Operating Voltage Range 


Input Voltage Range Vss 


CDP1877, CDP1877C 


OPERATING CONDITIONS at Ta=Full Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC 


TPA ( ) TPBC ) 
cs() MWR (_) 
WRITE PAGE REGISTER 
TSC) im MRD ( ) E WRITE CONTROL REGISTER 
C 
0 
CA/Ax ( ) 4 BIT os 8 WRITE MASK REGISTER 
E READ STATUS REGISTER 


READ POLLING REGISTER 


READ LONG BRANCH 


CASC C ) — 
(iNT 
READ 
STATUS WRITE WRITE 
REGISTER MASK PAGE READ 
REGISTER REGISTER LONG BRANCH 
CLEAR 
HIGH 
VECTOR 
PRIORITY REDRESS LONG 
INTERRUPT ENCODER/ BRANCH 
LATCH / MASK INSTRUCTION 
IR? ( ) STATUS REGISTER VEC TOR GENERATE 
REGISTER ADDRESS LOGIC 
TRE C) GENERATION S 
IRS ( ) V7 READ 
Vv) POLLING 
TR4 ( ) Z REGISTER Scere 
ein Z MWR MRD 
ERS ( ) y 
Ba EN 
TR2 ©) e LOW VECTOR 
Tri C) ZL ADDRESS 
TRO ©) UPPER BITS 


Z 
Z Z oATA 
Z BUFFERS 


Z 
LRTI IE TIIZZZZNTIIIZZ LEZ ZI 


CONTROL REGISTER 


Fig. 1 - Functional diagram for CDP1877. 


S 
| 


WRITE 
CONTROL 
REGISTER 
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Functional Definitions for CDP1877 and CDP1877C Terminals 


TERMINAL 


Vpp—Vss 
BUSO—BUS7 
{RO—IR7 
INTERRUPT 
MRD, MWR” 
TPA, TPB 

cs, CS 
CS/Ax, CS/Ay 


CASCADE 


Power 

Data bus—Communicates information to and from CPU 
Interrupt Request Lines 

Interrupt to CPU 

Read/Write controls from CPU 

Timing pulses from CPU 

Chip selects, Enable Chip if valid during TPA 


Used as a Chip Select during TPA and as a Register address during 
Read/Write Operations 


Used for cascading several PIC units. The INTERRUPT output from a higher 
priority PIC can be tied to this input, or the input can be tied to Vdd if cascading 
is not used. 
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CDP1877 CDP1877C 
VDD 


[woo [vss [Yoo 


( )suso 
( ) Bus! 
( ) Bus2 
( )Bus3 
( )Bus4 
( )Buss 
( )puse 
( )Bus7 


Bidirectional 
Input 
Output 
Input 
Input 
Input 


Input 


Input 


UNITS 


PERIPHERALS 


CDP1877, CDP1877C 


PIC Programming Model 


INTERNAL REGISTERS 


The PIC has three write-only programmable registers and 
two read-only registers. 


Page Register 
This write only register contains the high order vector 


address the device will issue in response to an interupt - 


request. This high-order address will be the same for any of 


BUS 7 


the 8 possible interrupt requests; thus, interrupt vectoring 
differs only in location within a specified page. 


BUS 0 


Control Register 
The upper nibble of this write-only register contains the low 
order vector address the device will issue in response to an 


BUS 7 


interrupt request. The lower nibble is used for a master 
interrupt reset, master mask reset and for interval select. 


BUS 0 


CONTROL REGISTER BITS 


INTERVAL SELECT 
DETERMINES NUMBER OF 
BYTES ALLOCATED TO EACH 
INTERRUPT SERVICE ROUTINE 


MASTER MASK RESET 
0 RESETS ALL MASK REGISTER BITS 
1 NO CHANGE 


MASTER INTERRUPT RESET 

0 RESETS ALL INTERRUPT LATCHES 
CLEARS ANY PENDING INTERRUPTS 
1 NO CHANGE 


SETS UPPER BITS OF THE LOW ORDER 
VECTOR ADDRESS AS A FUNCTION OF THE 
INTERVAL SELECT 


THE LOW ORDER VECTOR ADDRESS WILL BE SET ACCORDING TO THE TABLE BELOW: 


INTERVAL SELECTED- 


NO. OF BYTES BIT B7 


SETS A7 
6 SETS A7 


2 
4 SETS A7 
8 


X=DON’T CARE 


SETS A7 


LOW ADDRESS BITS 
BIT BG BIT B5 
SETS A6 SETS A5 
SETS AG SETS A5 
SETS A6 x 

x X 


NOTE: All DON’T CARE Addresses and Addresses A0O-A3 are determined by interrupt request. 


4-72 


CDP1877, CDP1877C 


Mask Register 

A “1” written into any location in this write only register will 
mask the corresponding interrupt request line. All interrupt 
inputs (except CA ) are maskable. 


BUS 7 BUS 0 


MASK BITS 
RIT LY 


Status Register 

In this read only register a “1” will be present in the 
corresponding bit location for every masked or unmasked 
pending interrupt. 


BUS 7 BUS 0 


STATUS BITS 


Polling Register 

This read only register provides the low order vector 
address and is used to identify the source of interrupt if a 
polling technique, rather than interrupt servicing, is used. 


BUS 7 BUS 0 


POLLING BITS 


RESPONSE TO INTERRUPT (AFTER S3 CYCLE) 

The PIC’s response to interrogation by the CPU is always 3 
bytes long, placed on the data bus in consecutive bytes in 
the following format: 


First (Instruction) Byte: 
LONG BRANCH INSTRUCTION - CO (Hex) 


PERIPHERALS 


Second (High-Order Address) Byte 

This byte is the High-Order vector Address that was written 
into the PIC’s Page Register by the user. The PIC does not 
alter this value in any way. 


High-Order Vector Address 


A15 A14 A13 Al2 Ail A10 
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Third (Low-Order Address) Bytes 
INTERVAL 2 . 
BUS 7 BUS 0 


INTERVAL 4 | 
BUS 7 : BUS 0 


INTERVAL 8 
BUS 7 BUS 0 


ow | ws Ye » |. | 2 


INTERVAL 16 
BUS 7 BUS 0 


GF Indicates active sista input number (binary 0 to 7). 
Z 


ae Bits indicated by Ax (x=4 to 7) are the same as programmed 


into the Control Register. All other bits are generated by the 
PIC. 


REGISTER ADDRESSES 


In order to read/write or obtain an interrupt vector from any CS/Ax and CS/Ay are multiplexed addresses; both must be 
PIC in the system, all chip selects (CS/Ax, CS/Ay, CS, CS) high during TPA, and set according to this table during TPB 
must be valid during TPA. to access the proper register. 


ACTION TAKEN. 


a ae WRITE to Page Register 
WRITE to Control Register 


READ Status Register 


ae ae 
=O WRITE to Mask Register 


READ Polling Register (Used to identify INTERRUPT source if Polling tech- 
nique rather than INTERRUPT service is used.) 7 


Unused condition | 


4-74 


CDP1877, CDP1877C 


PIC Application Examples 


Example I—Single PIC Application 
Fig. 2 shows all the connections required between CPU and 
PIC to handle eight levels of interrupt control. 


COP 1802 CDPI877 


92CS- 34376 
Fig. 2 - PIC and CPU connection diagram. 
~”) 
I 
no 
Programming Values for Example | with. LOCATION 84E0 arbitrarily O wl 
Programming the PIC consists of the following steps: chosen as the Vector Address with interval of eight bytes, = ~ 
1. Disable interrupt at CPU. TR4 pending, is shown in Table |. ~ 
2. Reset Master Interrupt Bit, B3, of Control Register. In deriving the above addresses, all DON’T CARE bits are Ud 
3. Write a “1” into the Interrupt Input bit location of the Oo 
ey é assumed to be 0. 
Mask Register, if masking is desired. sagas Leask 
4. Write the High-Order Address byte into the Page When an INTERRUPT (IR4) is received by the CPU, it will 
Register. address the PIC and will branch to the interrupt service 
5. Write the Low-Order Address and the vector interval routine. 
into the Control Register. The three bytes generated by the PIC will be: 
6. Program R(1) of the CPU to point to the PIC so that the 1st Byte=COH 
Long Branch instruction can be read from the PIC 2nd Byte=84}4 
during the Interrupt Service routine. 3rd Byte=E0y 


Table I — Register Address Values 


[rage 08H rr iy 
eS 


STATUS EO00H READ 
POLLING E040H READ 
R(t) (IN CPU) E080H a eo eed 
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Example IIl—Multi-PIC Application 
Fig. 3 shows all the connections required between CPU and 
PICs to handle sixteen levels of interrupt control. 


HIGHEST 
PRIORITY 
INTERRUPT 


92CM-34375 


Fig. 3 - PICs and CPU connection diagram. 


Register Address Assignments 
The low-byte register address for any WRITE or READ 
operation is the same as shown in Table I. 


The high-byte register differs for each PIC because of the 
linear addressing technique shown in the example: 

PIC 1=111XXX01 (E1py FOR X=0) 

PIC 2=111XXX10 (E21 FOR X=0) 


The R(1) vector address is unchanged. This address will 
select both PICs simultaneously (R(1).1=111XXX00=E0})). 
Internal CDP1877 logic controls which PIC will respond 
when an interrupt request is serviced. 


Additional PIC Application Comments | 
The interval select options provide significant flexibility for 
interrupt routine memory allocations: 

m The 2-byte interval allows one to dedicate a full page to 
interrupt servicing, with variable space between 
routines, by specifying indirect vectoring with 2 byte 
short branch instructions on the current page. 

w The 4-byte interval allows for a 3 byte long branch to 
any location in memory where the interrupt service 
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routine is located. The branch can be preceded by a 
Save Instruction to save previous contents of X and P 
on the stack. 

The 8-byte and 16-byte intervals allow enough space to 
perform a service routine without indirect vectoring. 
The amount of interval memory can be increased even 
further if all8 INTERRUPTS are not required. Thus a 4- 
level interrupt system could use alternate IR Inputs, 


_ and expand the interval to 16 and 32 bytes, respectively. 


The 4 Chip Selects allow one to conserve total allotted 
memory space to the PIC. For one chip, a total of 4 
address lines could be used to select the device, 
mapping it into as little as 4-K of memory space. Note 
that this selection technique is the only one that allows 
the PIC to work properly in the system: I/O mapping 
cannot be used because the PIC must work within the 
CDP1800 interrupt structure to define the vector 
address. Decoded signals also will not work because 
the chip selects must be valid on the trailing edge of 
TPA. 


Specifications CDP1877, CDP1877C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp +5%, tr, t¢=20 ns, 
Vin=0.7 Vop, ViL=0.3 Vpp, C..=50 pF 
LIMITS 


CHARACTERISTIC 


Address to TPA Setup Time 


Address to TPA Hold Time 


Data Valid after TPB 
Data Hold Time from Write 
Address to Valid Data Access Time 


Data Setup Time to Write 


ot) 
Oo 


Address Hold from TPB 


Typ.° 


Minimum MWR Pulse Width 


Minimum IR Pulse Width 


‘ Typical values are for Ta=25°C and Vpp +5%. 


TPA 


tas TAH 
MEMORY ADORESS HIGH BYTE LOW BYTE 


THTPB 


DR 


t oTPB 


DATA FROM PIC TO BUS 


VALID DATA 


VALID DATA 


TRX tIRX 
920M-34804 


Fig. 4 - Timing waveforms for CDP1877. 


DATA FROM BUS TO PIC 
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CMOS Dual Counter-Timer 


Ga HARRIS 


SEMICONDUCTOR 


February 1992 


Features Description 


e Compatible with General Purpose and CDP1800- The CDP1878 and CDP1878C are dual counter-timers con- 
Series Microprocessor Systems sisting of two 16-bit programmable down counters that are 
; independently controlled by separate control registers. The 
ee Down Counters andTwe Bit Control value in the registers determine the mode of operation and 
g control functions. Counters and registers are directly addres- 

e 5 Modes Including a Versatile Variable-Duty Cycle sable in memory space by any general industry type micro- 
Mode processors, in addition to input/output mapping with the 

CDP1800 series microprocessors. 


Programmable Gate-Level Select 

Each counter-timer can be configured in five modes with the 
additional flexibility of gate-level control. The control regis- 
ters in addition to mode formatting, allow software start and 
stop, interrupt enable, and an optional read control that 
; ; allows a stable readout from the counters. Each counter- 
Addressable in Memory Space or CDP1800-Series VO timer has software control of a common interrupt output with 
Space | an interrupt status register indicating which counter-timer 

| has timed out. 


¢ Two-Complemented Output Pins for Each Counter- 
Timer 


Software-Controlled Interrupt Output 


In addition to the interrupt output, true and complemented 
outputs are provided for each counter-timer for control of 
peripheral devices. 


Ordering Information 


TEMP. 
RANGE | 5V 10V 
Plastic DIP =| -40°C to +85°C | CDP1878CE CDP 1878E 


Ceramic DIP 


The CDP1878 and CDP878C are functionally identical. They 
differ in that the CDP1878 has a recommended operating 
voltage range of 4 to 10.5 volts, and the CDP1878C has a 
recommended operating voltage range of 4 volts to 6.5 volts. 


Burn-In 


|-40°C to +85°C |CDP1878CD | CDP1878D 
corterecox | = 


These types are supplied in 28-lead dual-in-line ceramic 
packages (D suffix), and 28-lead dual-in-line plastic pack- 
ages (E suffix). 


Pinout 


28 LEAD DIP 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


TABLE 1. MODE DESCRIPTION 


| MODE FUNCTION APPLICATION 


1 Timeout Outputs change when clock Event counter 
decrements counter to “0” 


2 Timeout Strobe | One clockwide output pulse when | Trigger pulse 
clock decrements counter to “0” 


3 Gate-Controlled | Outputs change when clock Time-delay 
One Shot decrements counter to “0”. generation 
Retriggerable 


4 Rate Generator | Repetitive clockwide output pulse | Time-base 
. generator 
5 Variable-Duty Repetitive output with Motor control 


Cycle programmed duty cycie 


File Number 1341.1 
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Specifications CDP1878, CDP1878C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 
(All Voltages Referenced to Vss Terminal) T, = Full Package Temperature Range 
COPRTEL6 tie ee hea eben eeee ee —0.5V to +11V (All Package Types)... 1.2.0... cece eee eee eee eee 100mW 
COP 1678C 4 bx5a5 vee ade hee eca eas Lee es —0.5Vto+7V Operating Temperature Range (T,): 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V Package Type Oso edi-c< sed sin o4 aie eee es —55°C to +125°C 
DC Input Current, Any One Input.....................008- +10mA Package lype Bo i.ck adiwtaweatnseeee ss —40°C to +85°C 
Power Dissipation Per Package (Pp) Storage Temperature Range (T.ig)-...-------- —65°C to +150°C 
Ta = —40°C to +60°C (Package Type E).............. 500mW Lead Temperature (During Soldering): 
T, = +60°C to +85°C (Package Type E)...... Derate Linearly at At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
12mWP/C to 200mW from case for 10S MAX... 6.0... ec eee eee +265°C 
Ty = -55°C to +100°C (Package Type D)............. 500mWw 


Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mMW/C to 200mMW 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


CDP1878 CDP1878C 
UNITS 


CHARACTERISTIC 
DC Operating Voltage Range 


SYMBOL 


Input Voltage Range 


Maximum Clock Input Rise or Fall Time t 
Minimum Clock Pulse Width 


Maximum Clock Input Frequency 


4 
Vss 

nt 

ia han 200 


Static Electrical Characteristics At T, = -40°C to +85°C, VDD + 5% Except as Noted: 
CONDITIONS 


MIN, | max 

ae ee ee a ae 
ea ee ee 

[ae ae (Es ee 
ee ee ee 


LIMITS 
CDP1878C 
sine (Note 1) (Note 1) 
TYP TYP UNITS 
ae 5 
2 ae 0 
ee 
| 2.6 | 
P1158 | 
1 
3 


VIN 
(V) 


ery 

— oO 
1 
oO 
UV 
=k 
eo 
~ 
fo +} 


io) 


Oo 
CHARACTERISTIC (V) 


Quiescent Device 
Current 


SYMBOL 


nN 
N 
() 
len) 
. = 


© 
ol 


1 


oO, rRILOS < 
{ala 


0, 10 
0,5 


2 


= 


Output Low Drive 
(Sink) Current 


w 
Nh 


=| 


cit 3 3 
»f3]3]215]5]<||<|4|<|-/-|-[3}a3}als]s 


ise 0.4 


V 
10 2 5.2 
Output High Drive 5 
(Source) Current 


-1.15 -2.3 


6 
10 5.2 
9 


-1.15 -2.3 


=| 
> 


Output Voltage 
Low-Level (Note 2) 


S 
— 
— 


S| 
— Se 


Output Voltage 
High-Level (Note 2) 


4 


fae 
Le 
| 49 | 
0, 10 10 | 99 | 
eae 
eee 
| 35 


5 


PSS 
Je) 


x 
x 


Input Low Voltage Vit 0.5, 4.5 


Input High Voltage Vin 0.5, 9.5 


0.5, 9.5 


5 


ie) 
ao 


7 


Input Leakage Current 


Input 


0, 10 + 


s 


Operating Current 
(Note 3) 


2 
on 
=| 

> 


+ 
1 


> 


Input Capacitance 


oO 
z 


pF 
Output Capacitance F 
NOTES: 


1. Typical values are for Ty = +25°C and nominal Vpp. 3. Operating current measured at 200kHz for Vpp = 5V and 400kHz 
2. lon = low = 1pA. for Vpp = 10V, with open outputs (worst-case frequencies for 
CDP1802A system operating at maximum speed of 3.2MHz). 


10 15 


= 
on 


a 
< 
— _ 
=) oO 
C GO 
NO 
N 2) 


™N 
ont 


Cour 


ao) 
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ae A 


RESET ¢ GATE A 
RO a 
noch } counrer A | a4 CONTROL REGISTER A nee 
I-0/MEM © AND MODE CONTROL TH 
TPAC 
cso OCLOCK A 
AZo 
Alc 
| atest | 
AO | atest | A 
vente a 
Vss ® TNT AND —— 
STATUS REGISTER INT 
8-BIT a DATA 
EXTERNAL 
Bue DRIVERS 
Lite 
GATE B 
} counter 8 | 8 CONTROL REGISTER B ee 
AND MODE CONTROL TBO 
o CLOCK B 
| ac OeaiS o | 
eet B 
92CL- 34627 


Fig. 1 - Functional diagram CDP1878 and CDP1878C. 


Functional Definitions for CDOP1878 and CDP1878C Terminals 
[TERMINAL |  CUSAGE——C“‘s*C*‘*L:SCSTERRXMNAALL | CUSAGE 
Vop-Vss_ | Power 
DBO-DB7 Data to and from device Active high input that enables device 
TPB/WR, RD | Directional control signals INT Low when counter is “0” 
AO, A1, A2 | Addresses that select counters __ When active, TAO, TBO are low, 
or registers TAO, TBO are high. Interrupt status 


TACL, TBCL } Clocks used to decrement counters register is cleared 
TAG, TBG | Gate inputs that control counters Tied high in CDP1800 input/output 
TAO, TAO | Complemented outputs of Timer A mode, otherwise tied low 
TBO, TBO | Complemented outputs of Timer B 
TPA Used with CDP1800-series processors, 
tied high otherwise 
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REGISTER TRUTH TABLE 


Write Counter A LSB 
Read Counter A LSB 
Control Register A 


PROGRAMMING MODEL 


Counter A Registers Counter B Registers 


CMOS 
PERIPHERALS 


BUS 7 BUS 0 
BUS 7 BUSO 


CONTROL REGISTER 
{ CONTROL REGISTER 


WRITE ONLY 
WRITE ONLY 


T TT T T 
HOLDING REGISTER LSB 


READ ONLY 


HOLDING REGISTER MSB 


READ ONLY 
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Functional Description—See Fig. 1 | 


The dual counter-timer consists of two programmable 16- 
bit down counters, separately addressable and controlled 
by two independent 8-bit control registers. The word in the 
control register determines the mode and type of operation 
that the counter-timer performs. Writing to or reading from 
a counter or register is enabled by selective addressing 
during a write or read cycle. The data is placed on the data 
bus by the microprocessor during the write cycle or read 
from the counter during the read cycle. Data to and from 
the counters and to the control registers is in binary format. 


Each counter-timer consists of three parts. The first is the 
counter itself, a 16-bit down counter that is decremented on 
the trailing edge of the clock input. The second is the jam 
register that receives the data when the counter is written 
to. The word in the control register determines when the 
jam register value is placed into the counter. The third part 
is the holding register that places the counter value on the 
data bus when the counter is read. 


When the counter has decremented to zero, three events 
occur. The first involves the common interrupt output pin 
that, if enabled, becomes active low. The second is the 
setting of a bit in the interrupt status register. This register 
can be read to determine which counter-timer has timed 
out. The third event is the logic change of the complemented 
output pins. 


In addition to the clock input used to decrement the 
counter, a gate input is available to enabie or initiate 
operation. The counter-timers are independent and can 
have different mode operations. 


Write Operation 


The counters and registers are separately addressable and 
are programmed via the data bus when the chip is selected 
with the TPB/WR pin active. Normal sequencing requires 
that the counter jam register be loaded first with the 
required value (most significant and least significant byte 


Control Register 


in any order), and then the control register be accessed and 
loaded with the control word. The trailing edge of the 
TPB/WR pulse will latch the control word into the control 
register. The trailing edge of the first clock to occur with 
gate valid will cause the counter to be jammed with its initial 
value. The counter will decrement on the trailing edge of 
succeeding clocks as long as the gate is valid, until it 
reaches zero. The output levels will then change, and if 
enabled, the interrupt output will become active and the 
appropriate timer bit will be set in the interrupt status 
register. The interrupt output and the interrupt status 
register can be cleared (to their inactive state) by addressing 
the control register with the TPB/WR line active. For 
example, if counter A times out, control register A must be 
accessed to reset the interrupt output high and reset the 
timer A bit in the status register low. Timer B bit in the status 
register will be unaffected. 


Read Operation 


Each counter has a holding register that is continuously 
being updated by the counter and is accessed when the 
counter is addressed during read cycles. Counter reads are 
accomplished by halting the holding register and then 
reading it, or by reading the holding register directly. If the 
holding register is read directly, data will appear on the bus 
if the counters are addressed with the RD line active. 
However, if the clock decrements the counter between the 
two read operations (most and least significant byte), an 
inaccurate value will be read. To preclude this from 
happening, writing a “1” into bit 6 of the control register and 
then addressing and reading the counter will result in a 
stable reading. This operation prevents the holding register 
from being updated by the counter and does not affect the 
counter’s operation. 


The interrupt status register is read by addressing either 
control register with the RD line active. A “1” in bit 7 
indicates Timer A has timed out and a “1” in bit 6 indicates 
Timer B has timed out. Bits 0-5 are zeros. 


Ee Sel bie) ie 


Jam Enable 
1=Enabled 
0=Disabled 


Holding Register Controi 
1=Freeze Holding Register 
0=Update Continuously 


Start/Stop Control 
1=Start Counter 
0=Stop Counter 


a 


Gate Level Select 
1=Positive (High) 
0=Negative (Low) 


Mode Select 

Interrupt Enable 001=Mode 1 
1=Enabled 010- Mode 2 
0=Disabled *011=Mode 3 
100=Mode 4 

101=Mode 5 

*Plus Bit 7=0 


Bits 0, 1 and 2 — Mode Selects—See Mode Timing Diagrams (Figs. 2, 3, 4, 5 and 6). 


Mode 1 — Timeout 
Mode 2 — Timeout Strobe 
Mode 3 — Gate Controlled One Shot 


Mode 4 — Rate Generator 
Mode 5 — Variable-Duty Cycle 


No Mode selected. Counter outputs unaffected. 


Note: When selecting a mode, the timer outputs TAO and 
TBO are set low, and TAO and TBO are set high. If bits 0, 1 
and 2 are all zero’s when the control register is loaded, no 


mode is selected, and the counter-timer outputs are 
unaffected. Issuing mode 6 will cause an indeterminate 
condition of the counter, issuing mode 7 is equivalent to 
issuing mode 5. 
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Bit 3—Gate level select—All modes require an enabling 
signal on the gate to allow counter operation. This enabling 
signal is either a level or a pulse (edge). Positive gate level 
or edge enabling is selected by writing a1” into this bitand 
negative (low) enabling is selected when bit 3 is “0”. 


Bit 4—Interrupt enable—Setting this bit to “1” enables the 
INT Output, and setting it to “0” disables it. When reset, the 
INT output is ata high level. If the interrupt enable bit in the 
control register is enabled and the counter decrements to 
zero, the INT output will go low and will not return high until 
the counter-timer is reset or the selected control register is 
written to. Example: If timer B times out, control register B 
must be accessed to reset the INT output high. If the 
interrupt enable bit is set to “O”, the counter’s timeout will 
have no effect on the INT output. 


In mode 5, the variable-duty cycle mode, the INT pin will 
become active low when the MSB in the counter has 
decremented to zero. 


Bit 5—Start/stop control—This bit controls the clock input 

to the counter and must be set to “1” to enable it. Writing a 
“0” into this location will halt operation of the counter. 
Operation will not resume until the bit is set to “1”. 


Bit 6—Holding register control—Since the counter may be 
decrementing during a read cycle, writing a “1” into this 
location will hold a stable value in the hold register for 


MODE DESCRIPTIONS 


Timeout 


BUS 7 


Mode 1: 

After the count is loaded into the jam register and the 
control register is written to with the jam-enable bit high on 
the trailing edge of the first clock after the gate is valid, TXO 
goes high and TXO goes low. The input clock decrements 
the counter as long as the gate remains valid. When it 
reaches zero, TXO goes low and TXO goes high, and if 


COUNTER VALUE 5 


5 4 


WR 
CONTROL 
REGISTER VA 


GATE 


TXO 


| Mode Control Register Gate Control 


CORGa00R 


subsequent read operations. Rewriting a “1” into bit 6 will 
Cause an update in the holding register on the next trailing 
clock edge. If this location contains a “0”, the holding 
register will be updated continuously by the value in the 
counter. 


Bit 7—Jam enable—When this bit is set to “1” during a write 
to the control register, the 16-bit value in the jam register 
will be available to the counter; TAO and TBO are reset low 
and TAO and TBO are set high. On the trailing edge of the 
first input clock signal with the gate valid this value will be 
latched in the counter, the counter outputs TAO and TBO 
will be set high and the TAO and TBO will be reset low. 
Setting bit 7 to “0” will leave the counter value unaffected. 
This location should be set to “0” any time a write to the 
control register must be performed without changing the 
present countes value. If the value in the jam register has not 
been changed, writing a.‘1” into bit 7 of the control register 
with zeros in bits 0, 1, and 2 (mode select) will reload the 
counter with the old value and leave the mode unchanged. If 
the value in the jam register is changed, then the next write 
to the control register (with bit 7 a “1”) must include a valid 
mode select (i.e., at least 1 of the bits 0, 1,or2 must bea‘“1”). 


In mode 3, the hardware start is enabled by writing a “0” into 
bit 7. If a “1” is written to bit 7, the timeout will start 
immediately and mode 3 will resemble mode 1. 


Selectable 
High or Low Level 
Enables Operation 


BUS 0 


enabled, the. interrupt output is set low. Writing to the 
counter while it is decrementing has no effect on the 
counter value unless the control register is subsequently 
written to with the jam-enable bit high. After timeout the 
counter remains at FFFF unless reloaded. 


4 3 2 ! I O 


3 2 y ) re) FFFF 


STALL COUNTER 
Pr an, 


ee 


LOAD COUNT=5 


92CM-34628R3 


Fig. 2 - Timeout (mode 1) timing waveforms. 
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CDP1878, 


Timeout Strobe 


BUS 7 


Mode 2: 
Operation of this mode is the same as mode 1, except the 
outputs will change for one clock period only and then 


COUNTER VALUE 


CLOCK 


wR 
CONTROL 
REGISTER 


GATE 


TxO 


* 
WRITE TO CONTROL REGISTER WITH 
MODE SELECTS=0O- 


Fig. 3- Timeout strobe 


Gate Controlled One Shot 


BUS 7 


Control Register 
x] x[x} x] xo] so! 


0} x}x}x]xfo} 1] + 


CDP1878C 


Gate Control 


Selectable 
High or Low Level 
Enables Operation 


BUS 0 


return to the condition of TXO high and TXO low, and the 
counter is reloaded. 


LOAD COUNT =3 
92CM-34629R2 


(mode 2) timing waveforms. 


Selectable 


4 Positive or Negative 


Going Edge Initiates 


yy Operation 


BUS 0 


Mode 3: | 
After the jam register is loaded with the required value, the 


95 edge will initiate this mode. TXO will be set high, and 

will be set low. The clock will decrement the counter. 
When zero is reached, TXO will go low and TXO will be 
high, and the interrupt output will be set low. The counter is 


COUNTER VALUE . 
3 2 | 9) 3 3 2 ' 


retriggerable: While. the counter is decrementing, a gate 
edge or write to the control register with the jam-enable bit 
high, will load the counter with the jam register value and 
restart the one-shot operation. 


2 ' 9] 3 3 2 


WR 
CONTROL >. 
REGISTER a 
GATE 
ae Sere: ant ee eae etch a | 
TXO 
TNT LOAD COUNT = 3 


92CM~34630R2 


Fig. 4 - Gate controlled one-shot (mode 3) timing waveforms. 
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Rate Generator 


BUS 7 


Mode 4: 

A repetitive clock-wide output pulse will be output, with the 
time between pulses equal to the counter’s value, (trailing 
edge to leading edge). This model is software started witha 
write to the control register if the gate level is valid. If the 
counter is written to while decrementing, the new value will 


COUNTER VALUE 3 2 


| Mode Control Register Gate Control 
x} xx} x]x] +] of o| 


Selectable 
High or Low Level 
Enables Operation 


BUS 0 


not affect the counter’s operation until the present timeout 
has concluded, unless the control register is written to with 
the jam-enable bit high. If the gate input (TAG or TBG) is 
used to start this mode. The first cycle following the gate 
going true is indeterminate. 


0) 3 2 i 0 3 N 


_ 3 2 
WR 
CONTROL 


REGISTER 1 /\ 
GATE 


LOAD COUNT= 3 


3 2 | 0 3 N 


92CM- 34631R2 


Fig. 5 - Rate generators (mode 4) timing waveforms. 


Control Register Gate Control 


Variable Duty Cycle 


BUS 7 


ERRBGUCE 


Selectable 
High or Low Level 
Enables Operation 
BUS 0 


Mode 5: 

After the mode is initiated, the outputs will remain at one 
level until the clock decrements the least significant byte of 
the counter to N+1. The outputs will then change level and 
the counter decrements the most significant byte to N+1. 
The process will then repeat, resulting in a repetitive output 


COUNTER VALUE 2 


with a duty cycle directly controlled by the value in the 
counter. The output period will be equal to LSB+MSB+2. 


The interrupt output will become active after the MSB is 
loaded into the counter and decrements to zero. 


0 | ) 2 { Oo 1 


2 ot 1 f°) 2 ] fo) ] 
cone | 
NTROL | 
REGISTER Aaa 
GATE 
=— — 
TxO P LSB MSB LSB 
INT 


LOAD COUNT LSB =2 AND MSB=I 


92CM-34632R2 


PERIPHERALS 


Fig. 6 - Variable-duty cycle (mode 5) timing waveforms. 


Note: 

in order to avoid unwanted starts when selecting mode 3 or 
4, the gate signal must be set to the opposite level that will 
be programmed. 


4-85 


CDP1878, CDP1878C 


Setting the Control Register 


The following will illustrate a counter write and subsequent 
reads that places stable, accurate values on the data bus 
from the counter-timer. | 


The counter is addressed and the required values are 
loaded with a write operation. The control register is 
addressed next and loaded with BSH. 


BUS 7 BUS 0 


TTT TELE 


Positive gate enabling 
required 


Control Register= BSH 
Load counter with 


m ister 
Jam reg Mode 1 selected 


Holding register continuously 
updated by counter 


Interrupt output enabled 


Counter start 


The counter will now decrement with each input clock pulse 


while the gate is valid. Assuming the counter has not > 


decremented to zero and its value is to be read without 
affecting the counter's operation, a write to the control 
register is performed. 78H is loaded into the control 
register. 


BUS 7 8US0 


oe 


' Counter value Unchanged 
unaffected 


Control register’ 78H 


Counter outputs unaffected 


Freeze holding register 


The counter is addressed and read operations are per- 
formed. 
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Function Pin Definition 


DB7-DB0—8-bit bidirectional bus used to transfer binary 
information between the microprocessor and the dual 
counter-timer. 

Vpp; Vss—Power and ground for device. 

AO, A1, and A2—Addresses used to select counters or 
registers. 

TPB/WR, RD—Directional signals that determine whether 
data will be placed on the bus from a counter or the 
interrupt status register (RD active) (memory mapped), or 
data on the bus will be. placed into a counter or control 
register (TPB/WR active). The following connections are 
required between the microprocessor and the counter- 
timer in the CDP1800-series input/output mapping mode. 


Microprocessor Counter-Timer 


MRD “RD 
TPB TPB/WR 
TPA TPA 

N Lines Address Lines 


and !-O/MEM to Vpp. 


During an output instruction, data from the memory is 
strobed into the counter-timer during TPB when RD is 
active, and latched on TPB’s trailing edge. Data is read from 
the counter-timer when RD is not active between the 
trailing edges of TPA and TPB. (See Figs. 10, 11, and 12.) 


TACL, TBCL—Clocks used to decrement the counter. 
TAG, TBG—Gate inputs used to control counter. 

TAO, TAO— —Complemented outputs of Timer A. 

TBO, TBO—Complemented outputs of Timer B. 
INT—Common interrupt output. Active when counter 
decrements to zero. 

RESET—Active low signal that resets counter outputs 
(TAO, TBO low, TAO, TBO high). The interrupt output is 
set high and the status register is cleared. 

1-O/MEM—Tied high in CDP1800-series input/output mode, 
otherwise tied low. 

TPA— Tied to TPA of the CDP1800-series microprocessors. 
During memory mapping, it is used to latch the high order 
address bit for the chip select. In the CDP1800 input/output 
mode, it is used to gate the N lines. When the counter-timer 
is used with other microprocessors, or when the high order 
address of the CDP1800-series microprocessors is ex- 
ternally latched, it is connected to Vpp. 

CS—An active high signal that enables the device. 


CDP1878, CDP1878C 


CLOCK XTAL 
TACL TOCL TAG 
CLEAR ani 


R TBG 
TAO 
TAO 
ADDRESS TIMER 
LINES OUTPUTS 
TBO 
TBO 


MEMORY copiso2 | SBD bar 


92CM- 346353 


DATA 8US 


Fig. 7 - Typical CDP1802 memory-mapped system. 


LATCH Hi- ORDER 


| 4 ADOR 
era ESS FOR CS 
ADDRESS Low Byte 


DATA 


VALIO DATA 


92CS -34634 


CMOS 
PERIPHERALS 


TPB/WR LATCHED 


DATA FROM CPU 
TO COUNTER-TIMER 


Fig. 8 - COP1800-series memory-mapping write cycle timing waveforms. 


ADORESS HI-BYTE LOW BYTE 


OUTPUT ORIVERS 


RO ENABLED DISABLED 
W 
DATA FROM V/, 
COUNTER- TIMER GQ VALIO DATA 
TO CPU 
92CS- 34635 


Fig. 9 - CDP1800-series memory-mapping read cycle timing waveforms. 
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TACL,TBCL TAG 
GATE 
INPUTS 
‘TBG 
TAO 
TAO 
ADDRESS eee 
ee OUTPUTS 
TBO 
L-0/ MEM 
INT INT TBO 
MEMORY CDP 1802 ie hl te 
PE ees | 92CM- 34636 


Fig. 10 - Typical CDP1802 input/output-mapped system. 


RO | | 
N LINES | | 


TPB/WR DATA LATCHED 


‘ i/ 
TO COUNTER-TIMER | VA 


92CM- 34637 
Fig. 11 - CDP1800-series input/output-mapping timing waveforms with output instruction. 


TPA | fe—oureut DRIVERS ENABLED 
RD | 
TPB/WR | fe ourron DRIVERS DISABLED 


N LINES | | 
DATA FROM 
COUNTER- TIMER VALID DATA 
TO MEMORY 92CM- 34638 


Fig. 12 - CDP1800-series input/output-mapping timing waveforms with input instruction. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85° C, Vpp=5 V + 5%, 
Input t,,tf=10 ns; C_=50 pF and 1 TTL Load 


ae a a ee 
CHARACTERISTIC UNITS 


Read Cycle Times (see Fig. 13) 
Data Access from Address 
Read Pulse Width 

Data Access from Read 


Chip Select Setup to TPA 


tTime required by a limit device to allow for the indicated function. 
*Typical values are for Ta=25°C and nominal Vpp. 


TPA 
Les t RH 


”) 
a | 
Ps 
READ 8 a 
Ss <= 
Oo 2 
learnt ri 
iJ 
a. 
tor 
toa ton 


92CM~ 34639 


Fig. 13 - Read cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85° C, Vpp=5 V 


+ 5%, 
input tr,tf=10 ns; C_=50 pF and 1 TTL Load 


. CHARACTERISTIC — uo 


[mint [Tyee [Max | 


Write Cycle Times (see Fig. 14) 
Address Setup to Write 


Chip Select Setup to TPA 


tTime required by a limit device to allow for the indicated function. 
*Typical values are for Ta=25°C and nominal Vpp. 


tes tan 


tas Twr 
WRITE 
¢ 
aceite at 
tos twH 


92CM- 34640 


Fig. 14 - Write cycle timing waveforms. 
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Features 


e CPU Interface for Use with General-Purpose Microprocessors 

e Time Of Day/Calendar 

e Reads Seconds, Minutes, Hours 

e Reads Day of Month and Month 

e Alarm Circuit With Seconds, Minutes or Hours Operation 

e Power Down Mode 

e Separate Clock Output Selects 1 of 15 Square Wave Signals 

e Interrupt Output Activated By Clock Output and/or Alarm Circuit 
¢ Date Integrity Sampling for Clock Rollover Eliminated 


e On-Board Oscillator: 


CDP1879 
CDP1879C-1 


CMOS Real-Time Clock 


Description 


The CDP1879 real-time clock supplies time and calendar 
information from seconds to months in BCD format. It 
consists of 5 separately addressable and programmable 
counters that divide down an oscillator input. The clock input 
can have any one of 4 possible frequencies, allowing 
flexibility in the choice of crystal or external clock sources. 
Using an external 32kHz clock source, timekeeping can be 
performed down to 2.5V (see Standby (Timekeeping) 
Voltage Operation). 


The device can be memory-mapped for use with any gen- 
eral-purpose microprocessor and has the additional capabil- 
ity of operating in the CDP1800 series input/output mode. 


The real-time clock functions as a time-of-day/calendar with 


an alarm capability that can be set for combinations of 
seconds, minutes or hours. Alarm time is configured by 


- Crystal Operation CDP1879 at 10V..... ae ae loading alarm latches that activate an interrupt output 
: earls 2 through a comparator when the counter and alarm latch 
- Crystal Operation CDP1879C-1 at 5V............. 4.19MHz, values are equal. 
SOME OCT ON Cheat Fifteen selectable square-wave signals are available as a 
- External Clock Operation at 10V or 5V............ 4.19MHz, : : 


2.09MHz 1.048MHz or 32kHz 
e Addressable in Memory Space or CDP1800 Series VO Mode 


e Low Standby (Timekeeping) Voltage with External Clock 


Ordering Information 


TEMPERATURE 
RANGE 


Ceramic DIP CDP1879CD1 


Burn-in 


separate clock output signal and can also activate the 
interrupt output. A status register is available to indicate the 
interrupt source. The value in an 8 bit control register 
determines the operational characteristics of the device, by 
selecting the prescaler divisor and the clock output, and 
controls the load and alarm functions. 


A transparent “freeze” circuit preclude clock rollover during 
counter and latch access times to assure stable and 
accurate values in the counters and alarm latches. 


The CDP1879 is functionally identical to the CDP1879C-1. 
The CDP1879 has a recommended operating voltage range 
of 4V to 10.5V, and the CDP1879C-1 has a recommended 
operating voltage range of 4V to 6.5V. The CDP1879 and the 
CDP1879C-1 are supplied in 24 lead hermetic dual-in-line 
side-brazed ceramic packages (D suffix) and 24 lead dual-in- 
line plastic packages (E suffix). 


Pinout CDP1879 Modes of Operation 
24 LEAD DIP 


1, 


Power Down 


Read 1. Seconds, minutes, hours, date and month counters 
2. Status register to identify interrupt source 


Control register to set device operation 
Seconds, minutes, hours, date and month counters 
Alarm latches for alarm time 


Tri-state interrupt output with active alarm or clock out circuitry 
for wake-up control 
Data bus and address inputs are “DON’T CARE” 


Clock out as source 
Alarm time as source 
Either interrupt can occur during normal or power down mode 


PERIPHERALS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 1360.1 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltage referenced to Vss Terminal) , he 
CDP1879......... Ee eR TE Oe eT rr eee ny ee er ne ee eee re Pere ear er ee ee ee re -0.5 to +11 V 


COP TBC gcc d Alene ie ia eis oe ES ESS es RU RG ORE ee Ree A ER aa ee OY HAO ESTE ewe eet -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........... 0... cccceeeee ccc ee cece cece sees ees eeeeeeeneeeeeteseeeeeeaeeanes -0.5 to Vop +0.5 V 
OC INPUT CURRENT. ANY ONE INPUT 9 o060424 coccdu be5eay SiinGAw eae teas as ay ece seabed ton Te eee a aes +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For. TA *-40:to: #60°C (PACKAGE. TYPE BE) insccic us cceices Git. deans y ke reed Fed EN ORE wes eee ee ee ew ee eee eas 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E)........ ccc cece cece eee e cee e ee teeeeetesetenenes Derate Linearly at 12 mW/°C to 200 mW 

For 1A:= 55 to +100°.C (PACKAGE TYPE DB) iio ssc ess siding «ood 5 Weiss eb sis Wao eae bea See Wade et Tunes deg ahuin owes ee 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D) ......... cece cece cece e ete e eee eeeeeeees Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@s) ........... 0c. cece cece eee eee e eee e eee eee eee eeaes 40 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D,H...............000 Ccaceciahiaare wer wal tage hatred eeu Veae oid a Re Sas wae els ainda oem eeeas -55 to +125°C 

PACKAGE TV PE © sis coc sacicear nag ehneee Coa oan Geren Bae Tons eae vealed eeue rei ade warn eaN ON athe eee eae ots -40 to +86°C 
STORAGE TEMPERATURE RANGE (Teta) ein cs susie ceoies one ested Sone eanasends ents doeuesuedden dae aus dees deme ee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. oo. eee e cece cece eee eee ee eee eee eterna eeees +265°C 


OPERATING CONDITIONS at Ta=Full Package-Temperature Range, unless otherwise noted. 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC CDP1879 CDP1879C-1 


DC Operating Voltage Range 
Input Voltage Range 


Ta = 0° to +70°C 

Clock Input Rise or Fall Time 
Voo =5V 
Vopo = 10 V 


ae a a 
DC Standby (Timekeeping) Voltage“ 
Ta = -40° to +85°CT | 
| a oe aaa 
p - | we 
a Se eee 


*Timekeeping function only, no READ/WRITE accesses, 32-kHz external frequency source only, 
no crystal operation. 


+See Standby (Timekeeping) Voltage Operation, Page 11. 


4-92 


CDP1879, CDP1879C-1 


FREEZE 
CIRCUIT 


XTAL 


PRESCALE CLOCK 
SELECT SELECT 


CLOCK OUT 


INT. STATUS 
REGISTER 


0B0-087 


TPA 
IL-O/MEM 
TPB/WR 


ADDRESS DECODE 
AND 
CONTROL LOGIC 


Pp?) 
o 


oO 
” 


POWER DOWN 


TABLE | 


Control Register Bit Assignment 
Bit 1, 0 


Frequency 00 32768 Hz 
Select 01 1.048576 MHz 
10 2.097152 MHz 
11 4.194304 MHz 


Bit 2 
Start/Stop 


Start 
Stop 


Bit 3 

Counter/Latch Control 

“0” = Write to counter and 
disable alarm 

“1” = Write to & enable alarm 
Clock Select 

Bits 7, 6, 5, 4 

0000 — disable ys 

0001 — 488.2 us 

0010 976.5 ps 

0011 1953.1 ys 

0100 3906.2 ps 

0101 7812.5 ps 

0110 15.625 ms 

0111 31.25 ms 


LOGIC LOG 
——— | OSCILLATOR PRESCALE MINUTE DAY MONTH 
0 5 eae 


8- BIT DATA BUS 


COMPARATOR 


SECOND fod) MINUTE im HOUR 
LATCH ; LATCH : LATCH 


92CL-34912 


Fig. 1 - Real-time clock functional diagram. 


TABLE Il 


[Latch, Counter Seconds |_o_| 
oounter, Oy Sid 


Status Register 


MSB of hours counters (Bit 7) is an AM-PM bit. 0 = AM; 
1 = PM. 


Bit 6 of hours counter controls 12/24 hr. 1 = 12 hr: 
0 = 24 hr. 


Status Register: Bit 7 MSB = alarm 

Interrupt Source: Bit 6 = clock 

MSB of Month Counter (Bit 7) is a Leap Year Bit 0 = No, 
1 = Yes. 
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Specifications CDP1879, CDP1879C-1 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C Vob + 5%, Except as noted 


Output Voltage 
High Level VOHF 


| t Low Volt or? 
nput Low Voltage 0.5.9.5 


Input High Voltage 


i=) 
oak 
(o>) 
—_—, 
ou 
os 
oOo © 
ok 
Bes 
99 
—_ ah 
RE 
wh 


Input Leakage Current 


Te [ome fo [rw [a 
Quiescent Device Current 0,5— 5 0.01 
eee — ithe bli Eo 
Output Low Drive (Sink) Oe aS aD a a es 
Current, Data Bus & INT fo10 | 70 | 36 | 7 {| — | — | ~ | — 
Output High Drive (Source) noe: 6s rona (eee Ieee ai eee | 
Current, Data Bus & INT fo,10 | 10 | -26 | -44 | — | — | — | - | 
Output Low Drive (Sink) Oe |: 6-06. | Wal | Oe | ta 1 
Current, Clock Out LT a ee ee ee Be ee 
ros | s [a1 les} —- [a1|23|— | 
Current, Clock Out _ foi0 | 10 | -26 | -44 | — | — | — | — | 
ee. 
Current, XTAL Out 010 | 10 | o4 | 2 | — | — | | = 
Fos | s [oi |-o4 |]  |[-o1|-o4| —_ 
Current, XTAL Out fo,10 | 10 | -03 | -o7 | — | — | 
0, 5 ; , 
Low-Level VoLt 0, 10 La 
V 


Ee 
0.5) 
| 4.6 | 
| 9.5 | 0, 
Oa = 
| 05 | 0, 
| 4.6 | 
Poe! 
1 501. 
[08.4 
| 4.6 | 
| 95 | 0, 
Output Voltage ser 
ee! 
eae 
ex 
oe 


0,5 5 +1 +1 
010 12 . 
= 
= 
— 
ae 


3-State Output 05 |05 +4 a de 
Leakage Current JOUT 0,10 | 0,10 5 ie bok +1 Ce ee | 
Operating Current * 
External Clock 32 kHz rer 0.01 Pode ica | 0.01 
| 5 a ee 
| 5 | — [035 | 15 | — | 035 | 15 
oe ie ea ee ee ee ee 
00: fa] 008 | 026 
fee tee Se I ee 20a eo, ee 
bee Oe ai oe a ae ee 
ae eee ee eee eee ee 
XTAL Oscillator** 32 kHz p- | - | 5 | = | or | o25 | — [| 01 | 0.25 | 
Po ef ee 08 0s 0 08 | 
toe ee ee ee ee eee een 
teens | 06 | | — | 06 | 08 
Fee ae RR Pca Reel ie 
eee ee ee ee ee eee ee 
eee ee eee ee ae 


eed ee 
‘input Capacitance —=SoW | — | — |—- |- | s [ve ]- | 5 | 78 
Output Capacitanca cour] — | —- | — | — | 0 |i |- | 0] |? 


Maximum Clock Rise a Ci Re MR -PR, OocN Loe eed 

and Fall Times ae eee ee ee 

®Typical values are for TA = 25°C and nominal Vpp. ; “Operating current measured with clockout = 488.2 ys and no load; 
Hol = 1OH = 1 WA. ** See Table III and Fig. 6 for oscillator circuit information. 
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PROGRAMMING MODEL 


WRITE AND READ REGISTERS WRITE ONLY REGISTERS 


BCD FORMAT 
DB7 DBO 


TENS 0-5 UNITS 0-9 


SECONDS COUNTER (00-59) CONTROL REGISTER 


DBO-DB1 - FREQUENCY SELECT 
DB2 - START/STOP 
DB3 - COUNTER/ALARM LATCH CONTROL 


TENS 0-5 | UNITS 0-9 
DB4-DB7 - CLOCK OUTPUT SELECT 


MINUTES COUNTER (00-59) 
DB7 DBO 


TENS 0-5 UNITS 0-9 


SECONDS ALARM LATCH (00-59) 
DB7 DBO 


TENS 0-5 | UNITS 0-9 | 
i ceeenee (eae A Sa) [nee 


MINUTES ALARM LATCH (00-59) 
DB7 DB6 


TENS | 


DB7 DB6 


X X UNITS 0-9 


HOURS COUNTER (01-12 or 00-23) 
DB7 0=AM, 1=PM 
DB6 0=24 HR, 1=12 HR 


DB7 ; DBO 


—— 
TENS 0-3 UNITS 0-9 
Ct ie ae a eta 


DAY OF MONTH COUNTER 
(01-28, 29, 30, 31) 


HOURS ALARM LATCH (01-12 or 00-23) ” 
DB7 DBO 12 HR, DB7=0 AM, 1=PM z 
lool Senses - Uninet 24 HR, DB7=X e o 
X TENS 0 or 1 UNITS 0-9 | READ ONLY REGISTER S = 
Oo= 

MONT 
ONTH COUNTER DB7 DB6 ui 


(JAN=1 DEC=12) 
DB7 0O=NO LEAP YEAR 
1=LEAP YEAR 


X X 


INTERRUPT STATUS REGISTER 
DB7=1 ALARM CIRCUIT ACTIVATE 
DB6=1 CLOCK OUTPUT ACTIVATE 


INT. 


INT. 


D 
D 


REGISTER TRUTH TABLE 
ADDRESS ACTIVE SIGNAL BIT 3 


CONTROL REGISTER OPERATION 
xX a 
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GENERAL OPERATION 


The real-time clock contains seconds, minutes, and hours, 
date and month counters that hold time of day/calendar 
information (see Fig. 2). The frequency of an intrinsic 
oscillatoris divided down to supply a once-a-second signal 
to the counter series string. The counters are separately 
addressable and can be written to or read from. 


The real-time clock contains seconds, minutes and hour 
write-only alarm latches that store the alarm time (see Fig. 
3). When the value of the alarm latches and counters are 
equal, the interrupt output is activated. The interrupt output 
can also be activated by aclock output transition. The clock 
output is derived from the prescaler and counters and can 
be one of 15 square-wave signals. The value in the read- 
only interrupt status register identifies the interrupt source. 
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- Operational control of the real-time clock is determined by 


the byte in a write-only control register. The 8-bit value in 
this register determines the correct divisor for the prescaler, 
a data direction and alarm enable bit, clock output select, 
and start/stop control (see Fig. 4). 


Data transfer and addressing are accomplished in two 
modes of operation, memory mapping and |/O mapping 
using the CDP1800-series microprocessors. The mode is 
selected by the level on an input pin. (l-O/MEM). Memory 
mapping implies use of the address lines as chip selects and 
address inputs using linear selection or partial or full 
decoding methods. !1/O mapping with the CDP1800-series 
microprocessors involves use of the N line outputs in 
conjunction with input and output instructions to transfer 
data to and from memory. 
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Fig. 2 - Functional diagram - time counters highlighted. 
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Fig. 3 - Functional diagram - alarm circuit, clock output, interrupt, and status registers highlighted. 


OPERATIONAL SEQUENCE 


Power is applied and the real-time clock is reset. This sets 
the interrupt output pin high. After the CS pinisset high and 
with address 7 on the address input lines, the control 
register is loaded via the data bus to configure the clock. 


With selective addressing, the seconds through month 
counters are then written to and loaded to set the current 
time. The real-time clock will now hold the current “wall 
clock” time, with an accuracy determined by the crystal or 
external clock used. If the alarm function is desired, the 
contro! register is accessed and loaded again. This new 
byte will allow subsequent time data to be entered into the 
seconds, minutes and hours alarm latches. This sequence 
is also used when selecting one of the 15 available clock-out 
signals. 


If the alarm function was selected, the interrupt output pin 
will be set low when the values in the seconds, minutes and 
hour alarm latches match those in the seconds, minutes and 
hour counters. 


If one of the 15 sub second-to-day clock outputs is selected 
by the byte in the control register, the clock output pin 
toggles at that frequency (50% duty cycle). The interrupt 
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output will also be set low on the first clock out negative 
transition. The interrupt source (alarm or clock out) can be 
determined by reading the interrupt status register. The 
clock output can be deselected by placing zero in the upper 
nibble of the control register if the alarm function is selected 
as the only interrupt source. 


COUNTERS (See Fig. 2) 


The counter section consists of an on-board oscillator, a 
prescaler and 5counters that hold the time of day/calendar 
information. 


1 of 4 possible external crystals determine the frequency of 
the on-board oscillator (32,768 Hz, 1.048576 MHz, 2.097152 
MHz, 4.194304 MHz). The oscillator output is divided down 
by a prescaler that supplies a once-a-second pulse to the 
counters. The seconds counter divides the pulse by 60 and 
its output clocks the minute counter every 60 seconds. 
Further division by the minutes, hours, day of month and 
month counters result in 5 counters holding data that 
reflects the time/calendar from seconds to months. The 
counters are addressed separately and BCD data is 
transferred to and from via the data bus. The most significant 
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Fig. 4 - Functional diagram - control register highlighted. 


bit of the hours counter (Bit 7) is user programmed to 
indicate AM or PM and will be inverted every 12th hour. (0= 
AM, 1= PM). Bit 6 of the hours counter is user programmed 
to enable the hours counter for 12 or 24 hour operation. (O= 
24, 1= 12). If 24-hour operation is selected, the AM-PM bitis 
“don’tcare’”, but still toggles every 12th hour. Writing to the 
seconds counter resets the last 7 stages of the prescaler, 
allowing time accuracy to approximately 1/100 of asecond. 


The most significant bit of the month counter is a Leap Year 
bit. If it is set to “1”, the counter will count to February 29, 
then roll to March 1. If set to “0” it will go to March 1st after 
February 28th. 


ALARM AND INTERRUPT STATUS REGISTER (See Fig. 3) 


The alarm circuit consists of 1) seconds, minutes and hour 
alarm latches that hold the alarm time, 2) the outputs of the 
seconds, minutes and hour counters, and 3) a comparator 
that drives an interrupt output. The comparator senses the 
counter and alarm latch values and activates the interrupt 
output (active low) when they are equal. 


The write-only alarm latches have the same addresses as 
their comparable counters. Bit 3 in the control register 


determines data direction to the latches or counters and 
alarm enabling. For example, during a write cycle, if bit 3in 
the control register is a1", addressing the seconds counter 
or alarm latch will load the seconds alarm latch from the 
data bus and will enable the alarm function. Conversely, if 
bit 3 in the control register is a “0”, addressing the seconds 
counter or alarm latch during a write cycle will place the 
value on the data bus into the seconds counter and will 
disable the alarm function. The interrupt output can be 
activated by the alarm circuit or the clock output. When an 
interrupt occurs, the upper two bits of the interrupt status 
register identify the interrupt source. The interrupt status 
register has the same address as the control register. 
Addressing the interrupt status register with the RD line 
active will place these register bits on the data bus. Bits 0-5 
are held low. A “1” in bit 6 represents a clock output 
transition as the interrupt source. A “1” in bit 7 will identify 
the alarm circuit as the interrupt source. 


Activating the reset pin (active low) resets the hour latch to 
“30” which prevents a match between alarm and time 
registers during an initialization procedure. Activating the 
reset pin or writing to the control register resets the 
interrupt output (high) and clears the interrupt status 
register. 
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CLOCK OUTPUT (See Table I and Fig. 3) 


One of 15 counter and prescaler overflows can be selected 
as a 50% duty cycle output signal that is available at the 
“clock out” pin. The frequency is selected by the upper 
nibble in the control register. For example, selecting a one- 
second clock output will result in a repetitive signal that will 
be high for 500 ms and low for the same period. The high-to- 
low transition of the output signal will set the clock bitin the 
status register and activate the interrupt output. The level of 
the “clock out” signal is derived from the value in the 
counter. Example: if hours clock is selected and the minutes 
counter holds 4 minutes, the clock out will be low for 26 
minutes and high for 30 minutes. Thereafter, the clock out 
will toggle at a 50% duty cycle rate. 


CONTROL REGISTER (See Table I and Fig. 4) 
BIT 


CONTROL REGISTER BYTE 


The 8-bit value in the control register determines the 

following: 

1. BitOQand 1— Frequency Select — Since there are one of 
4 possible crystals the oscillator in the real-time clock 
can operate with, these bit levels determine the prescaler 
divisor so that an accurate one second pulse is supplied 
to the counter series string. 


BIT 1 BIT 0 FREQUENCY 
0 0 32,768 Hz 
0 1 1.048576 MHz 
1 0 2.097152 MHz 
1 1 4.194304 MHz 


2. Bit 2 — Start-Stop Control — Counter enabling is 
controlled by the value at this location. A “1” will allow 
the counters to function and a “O” in this location will 
disable the counters. 
3. Bit 3 — Counter/Latch Control — The level at this 
location controls two functions. It is required since the 
counters and alarm latches have the same addresses. 
1) A“O’ in bit 3 will direct subsequent data to or from 
the counter selected and the alarm function will be 
disabled. 

2) A“1’ in bit 3 will direct subsequent data to or from 
the alarm latch and will enable the alarm. 

4. Bits 4to 7 — Clock Select — These bits select one of 15 
square-wave signals that will be present at the “clock- 
out” pin. If bits 4to 7 are zero’s, the clock output pin will 
be high. If aclock is selected, the first high-to-low clock 
Out transition will activate the interrupt pin (active low) 
and place a “1” in bit 6 of the status register. Writing to 
the control register or activating the reset pin will set the 
interrupt pin high and reset the interrupt status register. 


Normal operation requires the control register to be written 
to and loaded first with a control word. However, subsequent 
writing to a counter if a “clock out” is selected may cause an 
interrupt out signal. Therefore, “clock-out” should be 
deselected by writing zero’s into bits 4 through 7 if the 


interrupt is used. When the counters are loaded, the control 
register is again written to with the value in the upper nibble 
selecting the “clock out” signal. See Table I. 


READ AND WRITE SIGNALS 


When the I-O/MEM pin is low, the real-time clock is enabled 
formemory mapped operation. Data on the bus is placed in, 
or read from acounter, alarm latch or register by 1) placing 
the CS pin high, 2) selective addressing, 3) placing the 
TPB/WR pin low during a write cycle with the RD pin high or 
4) setting the RD pin low during a read cycle with the 
TPB/WR pin high. 


The 1/O mapping mode used with the CDP1800 series 
microprocessor _is selected by setting the |-O/MEM pin 
high. The TPB/WR pin on the real-time clock is connected 
to the TPB output pin of the microprocessor. Data on the 
bus is written to or read from the counters, latches and 
registers by 1) placing the CS pin high, 2) selective 
addressing utilizing the microprocessor N lines and 1/O 
instructions, 3) placing the TPB/WR pin high with the RD 
pin low during an output or write operation (data is latched 
on TPB’s trailing edge), 4) setting the RD line high during an 
input or read operation. Data is placed on the bus by the 
real-time clock between the trailing edges of TPA and TPB. 


FREEZE CIRCUIT 


Since writing to or reading from the counters or alarm 
latches is performed asynchronously, the once-a-second 
signal from the prescaler may pulse the counter series 
string during these operations. This can result in erroneous 
data. To avoid this occurring, a transparent “freeze” circuit 
is incorporated into the real-time clock. This circuit is 
designed to trap and hold the one-second input clock 
transition if it occurs during access times. When the 
operations are completed, it is inserted into the counter 
series string. To utilize the “freeze” circuit, address “1” (AO = 
1, A1 = 0, A2 = 0) is selected first while performing a write 
operation. Read or write accesses may now be performed 
with assurance the data is stable. All operations must be 
concluded within 250 ms of the address “1” access. If 
memory mapping any dummy write operation after selecting 
address “1” will set the “freeze” circuit. If using the I/O 
mode, a 61 output instruction will perform the same 
function. There is no time restriction on subsequent 
accesses as long as the read or write operations are 
preceded by selecting address ‘1”. 


POWER DOWN 


Power down operation is initiated with a low signal on the 
“POWER DOWN’ input pin. In conjunction with the interrupt 
output, it is used to supply external control circuits witha 3 
level contro! signal. The operating currentis not appreciably 
reduced during “POWER DOWN” operation. When power 
down is initiated, any inputs on the address or data bus are 
ignored. Theclock output is setilow. The interrupt output is 
tri-stated. If enabled previously, the alarm circuitry is active 
and will set the interrupt output pin low when alarm time 
occurs. The interrupt output will also go low if a clock was 
selected and an internal high-to-low transition occurs 
during power down. Theclock output pin will remain low. If 
power down is initiated in the middle of a read or write 
sequence, it will not become activated until the read or write 
cycle is completed. 
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PIN FUNCTIONS 


Voo, Vss — Power and ground for device. 


DBO — DB7 — DATA BUS — 8-bit bidirectional bus that 
transfers BCD data to and from the counters, latches and 
registers. 


AO, A1, A2 — Address inputs that select a counter, latch or 
register to read from or write to. 


TPA — Strobe input used to latch the value on the chip 
select pin. CS is latched on the trailing edge of TPA. During 
memory mapping, it is used to latch the high order address 
bit used for the chip select. When the real-time clock is used 
with other microprocessors, or when the high order address 
of the CDP1800 series microprocessor is externally latched, 
it is connected to VDD. In the input/output mode, it is used to 
gate the N lines. 


1-O/MEM — Tied low during memory mapping and high 
when the input/output mode of the CDP1800 series 
microprocessor is used. 


RD, TPB/WR — DIRECTION SIGNALS — Active signals 
that determine data direction flow. In the memory mapped 
mode, data is placed on the bus from the counters or status 
register when RD pin is active. 


Data is transferred to a counter, latch or the control register 
when RD is high and TPB/WR is active and latched on the 
trailing edge (low to high) of the TPB/WR signal. 


In the input/output mode, data is placed on the bus froma 
‘counter or status register when RD is not active between the 
trailing edges of TPA and TPB. Data on the busis written to 
a counter, latch, or the control register during TPB when RD 


is active and latched on TPB's trailing edge. The following 
connections are required between the microprocessor and 
real-time clock in the CDP1800 series |/O mode. 


MICROPROCESSOR REAL-TIME CLOCK 


MRD ..........00008, RD 
al: ee ee een TPB/WR 

TRA ine dah anarden: TPA 
NLINES.........0.05 ADDRESS LINES 
I-O/MEM ...... 00.05. VDD 


CS — CHIP SELECT — Used to enable or disable the inputs 
and outputs. TPA is used to strobe and latch a positive level 
on this pin to enable the device. 


XTAL AND XTAL — The frequency of the internal oscillator 
is determined by the value of the crystal connected to these 
pins. “XTAL” may be driven directly by an external frequency 
source. 


CLOCK OUT — 1 of 15 square wave frequencies will appear 
at this pin when selected. During power down, this pin will 
be placed low, and will be high during normal operation 
when the clock is deselected. 


POWER DOWN — POWER DOWN CONTROL — A low on 


this pin will place the device in the power down mode. 


INT — Interrupt Output — A low on this pin indicates an 


active alarm time or high-to-low transition of the “clock out” 
signal. 


RESET — A low on this pin clears the status register and 
places the interrupt output pin high. 


FREQUENCY INPUT REQUIREMENTS 


The Real-Time Clock operates with the following frequency 
input sources: 

1. An external crystal that is used with the on-board 
oscillator. The oscillator is biased by a large feedback 
resistor and oscillates at the crystal frequency (see Fig. 
6, Table III). 


2. An external frequency input that is supplied at the 
XTAL input. XTAL is left open (see Fig. 5). A typical 
external oscillator circuit is shown in Fig. 7 in section, 
“Standby (Timekeeping) VOLTAGE OPERATION”. 


TABLE III - Typical Oscillator Circult Parameters for Suggested Oscillator Circuit, see Fig. 6 


*CDP1879C-1 only. 


PARAMETERS 4.197MHz 2.097 MHz 1.049 MHz 32768 Hz* UNITS 
RR 
Se Te aa RE ET 
SS ee 


Crystal Impedance 50K (max.) 
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FREQUENCY INPUT REQUIREMENTS (Cont'd) 


Design Considerations for Stable Crystal Oscillation 


1. Stray capacitances should be minimized for best 
oscillator performance. Circuit board traces should be 
kept to a maximum of 1 inch, and there should be no 
parallel traces. 


CDPI879 
X TAL EXTERNAL 
PIN23 << FREQUENCY 
SOURCE 


92CS- 36886 


Fig. 5 - Connections for an external-frequency source 
applied to real-time clock. 


2. Asignal line or power source line must not Cross or go 
near the oscillator circuit line. 

3. Itis advisable to put a0. 1-microfarad capacitor between 
VDD and Vss of the CDP 1879. 


COPI879 
XTAL | PIN23 
PARALLEL 


RESONANT 
CRYSTAL 
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Fig. 6 - Suggested oscillator circuit applied to real-time 
clock (see Table III). 


STANDBY (TIMEKEEPING) VOLTAGE OPERATION 


When any one of the four specified crystals is used with the 
on-board oscillator, the Real-Time Clock can operate at a 
minimum of 4 volts VOD. However, at 32 kHz the clock will 
run (timekeeping only, no device READ/WRITE accesses) 
down to 3 volts at -40° to +85° C and 2.5 volts at 0° to +70°C. 
To achieve this low voltage operation, an external 32-kHz 


clock source must be supplied at the XTAL input (see Fig. 
7). The standby requirements for CHIP SELECT/DESELECT 
are listed in Table IV, and Fig. 8 indicates the timing 
waveforms. Fig. 9 illustrates the typica! timekeeping curve 
over the full temperature range. 


+3V 


1/3 CDS54/74HCO4 


CDPI879 


92CS- 37290 


Fig. 7 - Typical external clock-source circuit. 


Table IV - Standby (Timekeeping) Characteristics at Full-Temperature Range 


CHARACTERISTIC 


Chip Deselect to Standby 
(Timekeeping) Voltage Time 


testay 


LIMITS 
CDP1879C-1 
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STANDBY (TIMEKEEPING) VOLTAGE OPERATION (Cont'd) 
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Fig. 8 - Standby (timekeeping) voltage- and timing-waveforms. 
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80 
92CS- 37292 
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Fig. 9 - Typical standby (timekeeping) voltage vs. full-temperature range. | 


APPLICATIONS 


A typical application for this real-time clock is as a wake-up 
control to a CPU to reduce total system power in inter- 
mittent-use systems. A hookup diagram iliustrating this 
feature is shown in Fig. 10. In this configuration, the alarm 
and power-down features of the CDP1879 are utilized in the 
control of the sleep and wake-up states of the CPU. A 
typical shui-down/start-up sequence for this system could 
proceed as follows: 


1. 
2. 


3. 


am ff 


The CPU has finished a current task and will be inactive 
for the next six hours. 

The CPU loads the CDP1879 alarm registers with the 
desired wake-up time. 

The CDP1800 Q output is set high, which stops the 
CPU oscillator (as an alternative, in an NMOS system, 
power to all components except the clock chip could be 
shut off). 


. This Q output signal is received by the CDP1879 as a 


power-down signal. 


. The CDP1879 tri-states the interrupt output pin. 
. The CDP1879 eventually times out, and sets an alarm 


by driving the INT output low. 


. The alarm signal resets the CPU (to avoid oscillator 


start-up problems) and flags the processor for a warm- 
start routine. 


. The CPU, once into its normal software sequence, 


writes to the CDP1879 control register to reset the 
interrupt request. 


Fig. 


4-102 


92CS-34136R3 


10 - CPU wake-up circuit using the CDP1879 real-time clock. 
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APPLICATIONS (Cont'd) 
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Fig. 11 - Typical CDP1802 memory-mapped system. 
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Fig. 12 - CDP1800-series memory-mapped write-cycle timing waveforms. 
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Fig. 13 - CDP1800-series memory-mapped read-cycle timing waveforms. 
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Fig. 14 - Typical CDP1802 input/output-mapped system. 
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Fig. 15 - CDP1800-series input/output-mapping timing waveforms with output instruction. 
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Fig. 16 - CDP1800-series input/output-mapping timing waveforms with input instruction. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, 
Input ty,t¢ = 10 ns, Cy = 50 pF 


LIMITS 
CDP1879 CDP1879C-1 


CHARACTERISTIC UNITS 


Read Cycie Times (see Fig. 17) 


cs 


Chip Select Setup to TPA t 


tTime required by a limit device to allow for the indicated function. 
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Fig. 17 - Read-cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, 
Input ty,t¢ = 10 ns, Cy = 50 pF 


CDP1879 CDP1879C-1 UNITS 


CHARACTERISTIC 
Write Cycle Times (see Fig. 18) 


Address Setup to Write tAS = 
150 
“Write Pulse Width ne oe — | 


tTime required by a limit device to allow for the indicated function. 


ns 


TPA 


betes taH 


ener eset as 


Fig. 18 - Write-cycle timing waveforms. 
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cas HARRIS CDP1881, CDP1881C 
remrcowove™?® CDP 1882, CDP 1882C 


CMOS 6-Bit Latch and Decoder 


February 1992 Memory Interfaces 
Features Description 
¢ Performs memory address latch and decoder The CDP1881 and CDP1882 are CMOS 6 bit memory latch 
functions multiplexed or non-multiplexed and decoder circuits intended for use in CDP1800 series 


microprocessor systems. They can interface directly with the 
multiplexed address bus of this system at maximum clock 
Interfaces directly with CDP1800-series microproces- frequency, and up to four 4K x 8 bit memories to provide a 
sors at maximum clock frequency 16K byte memory system. With four 2K x 8 bit memories an 


8K byte system can be decoded. 
¢ Can replace CDP1866 and CDP1867 (upward speed 
and function capability) The devices are also compatible with non-multiplexed 
address bus microprocessors. By connecting the clock input 
to Vpp, the latches are in the data-following mode and the 
decoded outputs can be used in general purpose memory- 
system applications. 


The CDP 1881 and CDP1882 are intended for use with 2K or 
4K byte RAMs and are identical except that in the CDP1882 
MWR and MRD are excluded. 


The CDP1881 and CDP 1882 are functionally identical to the 
CDP1881C and the CDP1882C. They differ in that the 
CDP1881 and CDP1882 have recommended operating 
voltage range of 4 to 10.5 volts and their C versions have a 
recommended operating voltage range of 4 to 6.5 volts. 


The CDP1881 and CDP1882 are supplied in 20 lead and 
18 lead packages, respectively. The CDP1881 is supplied 
only in a dual-in-line plastic package (E suffix). The 
CDP1882 is supplied in dual-in-line, hermetic side-brazed 
ceramic (D suffix) and in plastic (E suffix) packages. 


Decodes up to 16K bytes of memory 


Ordering Information 
TEMP. 
RANGE 5V 10V 
Plastic DIP -40°C to CDP1881CE CDP1881E 
ie | In eae LCDPIGEICE CDP1881EX 
Plastic Plastic DIP 40°C to | to TCDP1882CE CDP1882E 
Burn-in +85°C CDP 1882CEX - 
Ceramic DIP -40°C to CDP1882CD CDP1882D 
Burn-in +85°C CDP1882CDX - 


CMOS 
PERIPHERALS 


Pinouts 


CDP1881, CDP1881C 20 LEAD DIP CDP1882, CDP1882C 18 LEAD DIP 
TOP VIEW TOP VIEW 


Vpp 
As 
AQ 
A10 
Alt 


Or Oi OF WD 
@ Oi = i=] 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 1367.1 
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Specifications CDP1881, CDP1881C, CDP1882, CDP1882C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 
(All Voltages Referenced to Vss Terminal) T, = Full Package Temperature Range 
CDP1881 and CDP1882 .................... —0.5V to +11V (All: Packade TWpeS) 66.5% sa Weenies eae see ew¥aa,s 100mW 
CDP1881C and CDP1882C...............2 ees -0.5Vto+7V Operating Temperature Range (T,): 
Input Voltage Range, All Inputs ............. —0.5V to Vop +0.5V Package: Type Divi c ake i ce ee twataadawe —55°C to +125°C 
DC Input Current, Any One Input................. 0c eee eee +10mA Package Type E......... cece ee eee —40°C to +85°C 
Power Dissipation Per Package (Pp) Storage Temperature Range (Tag) ........---- ~65°C to +150°C 
Ta = —40°C to +60°C (Package Type E).............. 500mW ____ Lead Temperature (During Soldering): 
Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
12mWPC to 200mW from case for 10S MAX. ...... ccc eee cc cee teens +265°C 
T, = -55°C to +100°C (Package Type D)............. 500mW 
Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mW/°C to 200mW 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC 


DC Operating Voltage Range 
Input Voltage Range. 


CONDITIONS 
Vo 
SYMBOL (V) 


! 
Oo 
~U 
ads 
eo 
“J 
oe 


~~ 


) LIMITS 
CDP1878C 
| Note 1) (Note 1) 
CHARACTERISTIC TYP TYP UNITS 


Input Low Voltage Vit 0.5, 4.5 
Input High Voltage Vin | 0.5, 9.5 | 


Guiescent Devi Pe be T+ [of - | 5 | 0 | oA 

| a! Oe oe ee ee ee 

i > | | 6.4 | Pee Pe | ce Pe mA 
ious elles = ee 
Output Voltage Vo. | - _| po fon fT - fo fot 
Output Voltage Vor | - | 4.9 p49 {[ 5 | - | 
High-Level (Note 2) a a a a 
ae ee re 


he 


elefelefelsfelfefel=lelsfese 


—_ 


input Leakage Current 


+ 


Oo 2=< 
= = 
o z 
NT =| N 
oN ra) — 


_ 
>) 


= 
> 


(Note 3) 


Input Capacitance 
Output Capacitance 


Minimum Data Vor Vop = Vor 

Retention Voltage 

Data Retention Current 
NOTES: 


1. Typical values are for T, = +25°C. 3. Operating current measured at 200KHz for Vpp = 5V and 400kHz 
2. lo. = low = pA. for Vpp = 10V, with outputs open circuits (Equivalent to typical 
CDP 1800 system at 3.2MHz, 5V; and 6.4MHz, 10V). 


Operating Current bel 


3 
> 


pF 


15 5 


<{S 


= 


N N He | H+ 
a an Oe 
EE 3 
5] sls}el3f5]=1{|-1-[-|4-[3]2)3[3f= 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


wao@®—> >—@ se wo @—>—0 a > +8 
c.. kK 
mal (6) Be ce >—{18) as mat (6) Be ae > —{i6) a9 
C 
mA2(5) > Aes !>—{7) ato mA2 (5) > nee h>—{15) Ato 
c 
C 
mas (4) > Bes >—{(16) at ma3 (4) +40 6 > >—{i4) al 
lc 
ie a Ea Vag Og "OPP HO 
soles poi) csi = aak: P>o—(2) est 
MAS (2) > rE set MAS ee 
Le me: | oo) 2 C - Ele eee [>o—{!) €s2 
aii | Leta eis | L$) te a8 
MRD ° 
Y e ) > Yoo * = Vp = (i) 
MWR(9) q> ees C (8) q > ee @) 
92CS- 3500! 
cE (iN) I> 92CS- 35000 
Fig. 1 - Functional diagram for the CDP1881, CDP1881C. Fig. 2 - Functional diagram for the CDP1882, CDP1882C. 


TRUTH TABLES for the CDP1881, CDP1881C and CDP1882, CDP1882C. 


INPUTS 
1 
1 
1 
1 
1 
0 
1 
1 
1 
0 


CMOS 
PERIPHERALS 


ee ee ee ee 
oe a a aes 


1 
PREVIOUS STATE 
1 1 
0 1 
1 0 
1 1 
PREVIOUS STATE 


a ee ee a | 


ee | 


000 0OlKCUKOUO KK KK 
x -~ao-7r 0x 32 OTF CO X*®K xX 
x —- = OO xX += + OO XK XK 


cap EE <> TE > EE > EE <> EE > TE > a > <> > 4 


ACDP1881, CDP1881C Only 


OUTPUTS 


MAO, MA1, A8, AY, 
MA2, MA3 A10, A11 


1 
0 


PREVIOUS 
STATE 


Logic 1 = High, Logic 0 = Low, X = Don't Care 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vob + 5%, tr, tf = 20 ns, 
ViH = 0.7 VDD, ViL = 0.3 Vob, CL = 100 pF, See Fig. 3. 


CHARACTERISTIC 


CDP1881, CDP1882 CDP1881C, CDP1882C | UNITS 
ime [ns [ro ee 
Minimum Setup Time, 5 
Memory Address to CLOCK, tMACL 10 


ree 
Minimum Hold Time, 5 Pe ice 25 
Memory Address After CLOCK, 8 
Ate 
; 


Propagation Delay Times: 
Chip Enable to Chip Select 


i: 


Fe aapsee=aer=enenine EE cictensearenemntrerl 


MRD or MWR to Chip Select" tMCcs ns 


———__—— 100 175 100 
CLOCK to Chip Select tCLCSs 


Fike 
10 65 
5 100 175 100 
10 65 125 a 
Sa 5 100 175 100 
Memory Address to Chip Select tMACS 
10 75 125 — 
5 80 125 
Memory Address to Address tMAA 
10 40 60 


eTypical values are for TA = 25°C. 
AMaximum limits of minimum characteristics are the values above which all devices function. 
*For the CDP1881 and CDP1881C types only. 


VALID CHIP ENABLE 
Te 


(a) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 


MAO- MAS 


CLOCK 
MACS Les 
to, TSI = la 
"MAA 
A8-Al! ee 


(c) MEMORY ADDRESS SETUP ANO HOLD TIME 
92CM—~ 37295 


Fig. 3 - CDP1881 and CDP1882 timing waveforms. 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


SIGNAL DESCRIPTIONS/PIN FUNCTIONS 


CLOCK: Latch-Input Control - a high at the clock input 
will allow data to pass through the latch to the output pin. 
Data is latched on the high to low transition of the clock 
input. This input is connected to TPA in CDP1800-series 
systems. 


MAO-MA3: Address inputs to the high-byte address 
latches. 


MA4,MAS: High-byte address inputs decoded to produce 
chip selects CSO - CS3. 


MRD,MWR: MEMORY READ (MRD) and MEMORY WRITE 
(MWR) signal inputs on the CDP1881, CDP1881C. A low at 
either input, when the CE pin is low, will enable the decoder 
chip select outputs (CSO - CS3). 


CE: CHIP ENABLE input - a low at the CE input of 
CDP1882, CDP 1882C will enable the chip select decoder. A 
low at the CE input of CDP1881, CDP1881C, coincident 
with a low at either the MRD or MWR pin, will enable the 
chip select decoder. A high on this pin forces CSO, CS1, 
CS2, and CS3 to a high (false) state. 


A8-A11: Latched high-byte address outputs. 


CS0-CS3: One of four latched and decoded Chip Select 
outputs. 


Vop, Vss: Power and ground pins, respectively. 


AO-A7 


TPA 


cOPI800 
SERIES 
CPU 


COPI833 
Kx8 


ADDRESS 


DATA BUS 


APPLICATION INFORMATION 


The CDP1881 and CDP1882 can interface directly with the 
multiplexed address bus of the CDP1800-series 
microprocessor family at maximum clock frequency. A 
single CDP1881 or CDP1882 is capable of decoding up to 
16K-bytes of memory. 


The CDP1881 is provided with MRD and MWR inputs for 
controlling bus contention, and is especially useful for 
interfacing with RAMs that do not have an output enable 
function (OE). Fig. 4 shows the CDP1881 in a minimum 
system configuration which includes the CDP1833 ROM 
(1K x 8) and two 2K x 8 RAMS. The CDP1881, in this 
example performs the following functions: 


(1) Latch and decode high-order address bits for use as 
chip selects. os eo 

(2) Gate chip selects with MRD and MWR to prevent bus 
contention with the CPU. 

(3) Latch high-order address bits A8 to A11. 


A system using the CDP1882 is shown in Fig. 5. The 
CDP1882 performs the memory address latch and decoder 
functions. Note that the RAM has an output enable (OE) pin 
which eliminates the need for MRD and MWR inputs on the 
latch/decoder. Instead, the MRD line is connected directly 


to the RAM output enable (OE) pin. 


In Fig. 6 the CDP1882 is used to decode a 16K-byte ROM 
system consisting of four CDM5332s. 


AO-A7 


(2) 2Kx8 
RAMS 


92CM-37294RI 


% CEq =CE RAM No.I 
CEg=TE RAM No 2 


Fig. 4 - Minimum 1800-system using the CDP1881. 
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PERIPHERALS 


CDP1881, CDP1881C, CDP1882, CDP1882C 


COP1I882 
LATCH/ 
DECODER 


cs3 
WAIT 
CLR 
TPA 


TO OTHER 
CHIP SELECTS 


CDP!I800 ADDRESS BUS 


SERIES 
CPU 
CDM6II6A 
2K x8 
RAM 


DATA BUS 
92CM- 36399RI 


Fig. 5 - CDP1800-series system using the CDP1882. 


COPI882 
LATCH/ 
DECODER 


ADDRESS BUS 


A8 


AB—All 


~All 
cs2 cs2 


ADDRESS BUS § AO-A7 AO-A7 AO-A7 


CDPI800 CDM5332 COM5332 CDM5332 CDM5332 
hae 4Kx8 4Kx8 4K x8 4kx8 
ROM ROM ROM 


RD Cs1/0E 


CSI/OE 


DATA BUS 
Fig. 6 - 16K-byte ROM systems using the CDP1882. 92CM- 37293 
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CDP1883 
CDP1883C 


CMOS 7-Bit Latch and Decoder 
Memory Interfaces 


FARRIS 


SEMICONDUCTOR 


aD 


February 1992 


Features 


¢ Performs Memory Address Latch And Decoder 
Functions Multiplexed Or Non-multiplexed 


e Interfaces Directly With the CDP1800-Series 
Mircoprocessors 


e Allows Decoding for Systems Up To 32K Bytes 


Ordering Information 


TEMPERATURE 
PACKAGE RANGE 5V 10V 
Plastic DIP -40°C to +85°C | CDP1883CE CDP1883E 
cppreescex | - | 


Burn-in 


Description 


The CDP 1883 is a CMOS 7-bit memory latch and decoder 
circuit intended for use in CDP1800-series mircoprocessor 
systems. It can serve as a direct interface between the multi- 
plexed address bus of this system and up to four 8K x 8-bit 
memories to implement a 32K-byte memory system. With 
four 4K x 8-bit memories, a 16K-byte system can be 
decoded. 


The device is also compatible with non-multiplexed address 
bus microprocessors. By connecting the clock input to VDD, 
the latches are in the data-following mode and the decoded 
outputs can be used in general-purpose memory-system 
applications. 


The CDP1833 is compatible with CDP1800-series micropro- 
cessors operating at maximum clock frequency. 


The CDP1883 and CDP1883C are functionally identical. 
They differ in that the CDP 1883 has a recommended operat- 
ing voltage range of 4 volts to 10.5 volts and the C version 
has a recommended operating voltage range of 4 volt to 6.5 
volts. 


The CDP1883 and CDP1883C are supplied in 20-lead dual- 
in-line plastic packages (E suffix) 


Pinout 


20 LEAD DIP 
TOP VIEW 


20} Vpp 
A8 
AQ 
A10 


16] A11 
45] A12 
144] CSO 
143] CST 
Ccs2 


11] CS3 


Y”) 
ead 
< 
Ona 
oo 
52 
oO 
Li 
a. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 1507.1 


Specifications CDP1883, CDP1883C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): 
(All Voltages Referenced to Vgg Terminal) 


CDP TG8S irs peter oca staan we eneses —0.5V to +11V 
COPISS3C winrar areas een ed awa ee paws —0.5V to +7V 
input Voltage Range, All inputs ............. —0.5V to Vpp +0.5V 
DC Input Current, Any One Input............. 0... cee ee eee +10mA 
Power Dissipation Per Package (Pp) 
Ta = 40°C to +60°C (Package Type E).............. 500mW 
Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at 
| 12mWPC to 200mW 


Device Dissipation Per Output Transistor 


T, = Full Package Temperature Range............... 100mW 
Operating Temperature Range (Ta): 

Package Typ@ E......... cece ce eee eee —40°C to +85°C 
Storage Temperature Range (Tgig) ....-.- 2+ eee -65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... .. cece cece cece eee eens +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 
DC Operating Voltage Range 


SYMBOL 


Input Voltage Range 


CDP1883 CDP1883C 
UNITS 


Vss 


LIMITS 


ee ee ee 
Voo 


Static Electrical Characteristics At T, = -40°C to +85°C, Vpp + 5%, Except as Noted: 


CONDITIONS 


se 


° 2< 
am i. 
oO ~e 


Output High Drive 
(Source) Current 


Output Voltage 
Low-Level (Note 2) 


Output Voltage Vou 
High-Level (Note 2) 
Input Low Voltage Vir 0.5, 4.5 


—_ 


— ~~ << 


—s 


Operating Current 
(Note 3) 


1. Typical values are for Ts = +25°C. 
2. lo. = lon = HA 


© 
Oo 
a") 
_ 
o 
& 


LIMITS 
CDP1883C 


(Note 1) (Note 1) 


TYP UNITS 


= 
> 


re 
> 


A 


o 
3 


fo) 
ms 
=| 
> 


2 


ie) 


4 


(o>) 
oO 


N ° 
a =a _ 


aN 
ice) 


He 
> 
© 
< 
a) 
He 


(3) = 


H+ 
NO 


2 
> 


oO 
; = 
ni > 


ed 
be e 


TS 
n 


3. Operating current measured at 200kHZz for Vpp = 5V and 400kHz 
for Vpp = 10V, with outputs open circuit. 
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CDP1883, CDP1883C 


mao(2) ie a 

rs 

me @>—> mh : 

mas (5) e. >a 
I. 

uaa (6) S mi a 

was@—> a 

was (@) i. cy) ; 

crock 1 > 

< @——_d > 


Ee 

Tre) 
Ue 
TES 


(i9) as 


VVYVYVY VY VY VY Y¥ 
() 


Von * @9 
Vss * (10) 


92CM- 37285 


Fig. 1 - Functional diagram for the CDP1883, CDP1883C. 


SIGNAL DESCRIPTIONS/PIN FUNCTIONS 


CLOCK: Latch Input Control—a high on the clock input 
will allow data to pass through the latch to the output pin. 
Data is latched on the high-to-low transition of the clock 
input. This pin is connected to TPA in the CDP1800 system 
and tied to Voo for other applications. 

MAO-MA4: address inputs to the high byte address latches. 


MA5-MAG6: high byte address inputs decoded to produce 
chip selects 0-CS3. 


CE: CHIP ENABLE input. A low on this pin will enable the 
chip select decoder. A high on this pin forces the CSO, 0,CS1, 
CS2, and C54 outputs to a high (false) state. 


A8-A12: latched high-byte address outputs. 


CS0-CS3: one of four latched and decoded Chip Select 
outputs. 


Vop, Vss: power and ground pins, respectively. 
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TRUTH TABLES FOR CDP1883, CDP1833C 


SE TCU TIMAS MAS. Ged Pest | 682 | 88 


SE | CLK [MAG { BAIR 


X = DON'T CARE 


; 
PREVIOUS STATE 


CMOS 
PERIPHERALS 


CDP1883, CDP1883C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vop + 5%, ty,tr=20 ns, 
Vin=0.7 Vpp, Vit=0.3 Vpp, C_=100 pF. See Fig. 2. | 


CHARACTERISTIC 


Minimum Setup Time, 

Memory Address to CLOCK twact 
Minimum Hold Time, 

Memory Address After CLOCK tcuma 


Minimum CLOCK Pulse Width terer 


Propagation Delay Times: 


Chip Enable to Chip Select tcecs 
CLOCK to Chip Select teres 
CLOCK to Address, tera 


Memory Address to Chip Select tuacs 


— 
rh 


Memory Address to Address tmaa 


Typical values are for Ta = 25°C. | 
AMaximum limits of minimum characteristics are the values above which all devices function. 


VALIO CHIP ENABLES 


MAO~MA6 


ae 
CLOCK = 
4 


tcLce boven wie tmacs 
eae ieeSaR ENN 
C5081 C52 .C53 De? 2 eee ee eee 
x twaa 
AB -Alz ae 
(b) MEMORY ADDRESS SETUP AND HOLD TIME 
92CM-37284 


Fig. 2 - CDP1883 timing waveforms. 
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CDP1883, CDP1883C 


APPLICATION INFORMATION 


The CDP1883 and CDP1883C can be interfaced, without 
external components, with CDP1800-series microprocessor 
systems. These microprocessors feature a multiplexed 
address bus and provide an address latch signal (TPA) that 
is used as the Clock input of the CDP1883. 


This signal is used to latch 7 bits of the high-order address. 
The lower five high-order address inputs are latched and 
held to be used with the eight lower-order address inputs to 


COPi800 
SERIES 
CPU 


COPI883 
LATCH/ 
DECODER 


ADDRESS BUS AO-A7 


CDM5364 


ADDRESS 8US 


DATA BUS 


ADDRESS BUS 
AB-AI2__ , A&B —-Al2 ; 
a) - 
> Se 
COM5364 


8Kx8 
ROM 


access an 8K x 8-bit memory. The two upper high-order 
address inputs are latched and decoded for use as chip 
selects. 


The latched address and decoding functions of the CDP1883 
and CDP1883C allow them to operate with 32K-byte memory 
systems. In addition, smaller memory systems can be 
configured with 4K x 8-bit or smaller memories, or a mix of 
memory sizes up to 8K x 8-bit. 


CDM6264 
8K x8 
RAM 


92CM- 37281 
Fig. 3 - Minimum 1800-system using the CDP1883 to interface with an 8K x 8-bit memory. 


COM5364 
8Kx8 
ROM 


COM5364 
8Kx8 
ROM 


92CM~37282 


CMOS 
PERIPHERALS 


DATA 8US 


Fig. 4 - 32K-byte ROM system using the CDP7883. 
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Go SEMICONDUCTOR 


GENERAL DESCRIPTION 


The ICM7170 real time clock is a microprocessor bus 
compatible peripheral, fabricated using Harris’ silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data I/O circuitry. The clock is set or read by accessing the 
8 internal separately addressable and programmable coun- 
ters from 1/100 seconds to years. The counters are con- 
trolled by a pulse train divided down from a crystal oscillator 
circuit, and the frequency of the crystal is selectable with 
the on-chip command register. An extremely stable oscilla- 
tor frequency is achieved through the use of an on-chip reg- 
ulated power supply. 


The device access time (tacc) of 300ns eliminates the 
need for wait states or software overhead with most micro- 
processors. Furthermore, an ALE (Address Latch Enable) 
input is provided for interfacing to microprocessors with a 
multiplexed address/data bus. With these two special fea- 
tures, the |ICM7170 can be easily interfaced to any available 
microprocessor. 


The ICM7170 generates two types of interrupts, periodic 
and alarm. The periodic interrupt (100Hz, 10Hz, etc.) can be 
programmed by the internal interrupt control register to pro- 
vide 6 different output signals. The alarm interrupt is set by 
loading an on-chip 51-bit RAM that activates an interrupt 
output through a comparator. The alarm interrupt occurs 
when the real time counter and alarm RAM time are equal. 
A status register is available to indicate the interrupt source. 

An on-chip Power-Down Detector eliminates the need for 
external components to support the battery back-up func- 
tion. When a power-down or power failure occurs, internal 
logic switches the on-chip counters to battery back-up oper- 
ation. Read/write functions become disabled and operation 
is limited to time-keeping and interrupt generation, resulting 
in low power consumption. 

Internal latches prevent clock roll-over during a read cy- 
cle. Counter data is latched on the chip by reading the 
100th-seconds counter and is held indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 


ORDERING INFORMATION 


Number Range 
C 


ICM7170AIDG — 40°C to + 85° 24-Pin Ceramic 
ICM7170AIBG —40°C to +85°C | 24-Pin SOIC 


“A” Parts Screened to <5 vA Istpy @ 32 KHz 


ICM7170AMDG | —55°C to +125°C | 24-PinCeramic | 


ICM7170 
_ pP-Compatible 
Real-Time Clock 


FEATURES 


© 8-Bit uP Bus Compatible 
—Multipiexed or Direct Addressing 


© Regulated Oscillator Supply Ensures Frequency 
Stability and Low Power 


© Time From 1/100 Seconds to 99 Years 
© Software Selectable 12/24 Hour Format 


© Latched Time Data Ensures No Roll-Over During 
Read 


© Full Calendar With Automatic Leap Year Correction 
© On-Chip Battery Backup Switchover Circuit 
® Access Time Less Than 300ns 


© 4 Programmable Crystal Oscillator Frequencies over 
industrial Temp Range 


© 3 Programmable Crystal Oscillator Frequencies over 
Military Temp Range 


© On-Chip Alarm Comparator and RAM 


® Interrupts from Alarm and 6 Selectable Periodic 
Intervals 


© Standby Micro-Power Operation: 1.2u.A Typical at 
3.0V and 32kHz Crystal | 


APPLICATIONS 


© Portable and Personal Computers © Data Logging 
© Industrial Control Systems ® Point Of Sale 


Plastic & Ceramic 


ICM 7170 


1 
1M 7170 
~ 18 


0372~11 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: All typical values have been characterized but are not tested. 
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1CM7170 


ABSOLUTE MAXIMUM RATINGS 


SUDDIY VONAGG 4 fos Geir e ds iti ones en Se ese 8V Operating Temperature ............... —40°C to + 85°C 
Power Dissipation (Note 1)...................05- 500mW Storage Temperature ................ — 65°C to + 150°C 
input Voltage (Any Terminal) Lead Temperature (Soldering, 10sec) ............. 300°C 
(NOte:2) 16. vec ccc uase pene aes Vpp +0.3V to Vssg —0.3V SA 


NOTE 1: Ta= 25°C. 


NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal at voltages greater than Vpp or less than Vss may-cause destructive 
device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the device before its 
supply is established, and that in multiple supply systems, the supply to the ICM7170 be turned on first. 


NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. . 


TIME COUNTERS 
SEC | MIN | HOUR) DAY | DATE | MON 


ADDAESS 
IMPUTS 


ee cance | oe 


Figure 2: Functional Diagram 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 


(Ta= —40°C to + 85°C, Vop= + 5V +10%, Veackup=Vpp: Vss = OV unless otherwise specified) 
All Ilpp specifications include all input and output leakages (7170 and 7170A) 


Pan [96 [| 


Fosc = 1,2, 4MHz 26 | | 55_ 
pA 


IstBy(1) | Standby Current Pins 1-8, 15-22 & 24 = Vop 
Vpp = Vss: Vaackup = Vop — 3.0V 
For 7170A See General Note (5) roa} | 12 | 50 
Fosc = 4MHz 
IstBy(2) | Standby Current Pins 1-8, 15-22 & 24 = Vop ffi an 
Vpp = Vss; Veackup = Vop — 3.0V 


Fosc = 32kHz 
com Operating Supply Current | od/Write Operation at 100Hz ie 
| Fosc = 32kHz 
toon Operating Supply Current _ Read/Write Operation at 1MHz |_| 19 | 20 | mm 


“A” Parts Screened to <5 vA Istpy @ 32 KHz | | | 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 


(Ta= —40°C to + 85°C, Vpp = + 5V +10%, Veackup=Vpp; Vss = OV unless otherwise specified) (Continued) 
All Ilpp specifications include all input and output leakages (7170 and 7170A) 


lo.) Leakage current INTERRUPT plicit Vss 


CAPACITANCE Do-D7 Paes inna eee 
CAPACITANCE Ag—Ag eee anes ee 
in Te 
arn Rees er 


CAP. AD, WA, CS ALE 


AC CHARACTERISTICS  (Ta=—40°Cto +85°C, Vp =+5V +10%, Veacxup=Vpp; Do-D7 Load 
Capacitance = 150pF, Vj, =0.4V, Vi = 2.8V unless otherwise specified) 


Parameter Min | Max | Units 


Faye [we 

a row wage xcanGne) | Vog= 80 os 
iis | input vig cept Ose) | Vpp=s0v——__[ aa | [| -v— 
ven | Stet ow votage Excent Oe) [lgy= ema |_| | oa [| v— 
RAEROPT esaySce) | fw=—H0oun | ae | 
aT rpstenagecurent | Vne=Voporvgg [= [os [0 | pa 
rie] Tisiataeatagecureni(Op-B | Vo=Voo orVag | =10 | os [10 | pa 
earn | Bactup Bater Volage | Foso= 1.2.4 [26 || vop=18 |v — 
aacup Batley Volage | Foso=aaietz [19 | | Vp |v 

a 

- 

— 

em 


Total Osc. Input Cap. 


READ CYCLE TIMING 


| tg =| READtODATAvaid =| | 8s 
| taco | ADDRESS validtoDATAvaid | | 800 | ts 
| tye | READ cyclotime | fs 
| th | Readhightime tO ts 
| te | RDhightobustristate | ts 
| tas | ADDRESStoREADsetuptime | 50, | ts 
[ty | =~ ADDRESSHOLDtimeatterREAD | 0 ts 
| tag | ADDRESS validtoWRITE strobe | 50 | ts 
| twa | ADDRESSholdtimeforwRITE | | ts 
| tw | WRITE pulsewidth, low | 00} ts 
| twh | WRITEightime || ts 
| tw | DATAINtOWRITEsetuptime | too, | ts 
| tw | DATAINholdtimeafterWRITE | 30 | ts 
| ty | WRITE cyclotime | to Pts 


MULTIPLEXED MODE TIMING 
ALE Pulse Width, High 


ADDRESS to ALE set up time a aa ere es ee 


ADDRESS hold time after ALE 


NOTE: All typical values have been characterized but are not tested. 
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READ CYCLE TIMING FOR NON-MULTIPLEXED BUS (ALE = Vij, WR = Vin) 


ataiel/////,, (SS LLL 


CMOS 
PERIPHERALS 


Figure 3: Timing Diagrams — Nonmultiplexed Bus 


NOTE: All typical values have been characterized but are not tested. 
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READ CYCLE TIMING FOR MULTIPLEXED BUS (WR = Vj) 


Ao-Ag, Do-07 CS —=———=<] —Ss ADDRESS VALID, €S Low — mee OUTPUT DATA VALID -—-- 


a tacc 
ee ee 
trd 


WRITE CYCLE TIMING FOR MULTIPLEXED BUS (RD = Vj) 


Ag-Ag, Do-D7 CS owe oe = ADDRESS VALID, CS Low 


Wi 


NOTE: The AO to A4 address inputs may be connected to the DO to D4 data lines when a multiplexed bus is used. 
Figure 4: Timing Diagrams — Multiplexed Bus 


DETAILED DESCRIPTION 


Oscillator 


The ICM7170 has an onboard CMOS Pierce oscillator 
with an internally regulated voltage supply for maximum ac- 
curacy, stability, and low power consumption. It operates at 
any of four popular crystal frequencies: 32.768kHz, 
1.048576MHz, 2.097152MHz, and 4.194304MHz.* The 
crystal should be designed for the parallel resonant mode of 
oscillation. In addition to the crystal, 2 or 3 load capacitors 


Table 1: Pin Description 


OSC OUT are required, depending on the circuit topology used. 

OSC IN The oscillator output is divided down to 4000HZz by one of 
four divider ratios, determined by the two frequency selec- 

INT SOURCE tion bits in the Command Register (DO and D1 at address 


$11). This 4000Hz is then divided down to 100Hz, which is 
used as the clock for the counters. 


Time and calendar information is provided by 8 consecu- 
tive, programmable counters: 100ths of seconds, seconds, 
minutes, hours, day of week, date, month, and year. The 
data is in binary format with 8 bits per digit. See Table 4 for 
address information. Any unused bits are held to a logic ‘‘O”’ 
during a read and ignored during a write operation. 


*NOTE: 4.194304MHz is not available over military temperature range. 


NOTE: All typical values have been characterized but are not tested. 
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Alarm Compare RAM 


On the chip are 51 bits of Alarm Compare RAM grouped 
into words of different lengths. These are used to store the 
time, ranging from 100ths of seconds to years, for compari- 
son to the real-time counters. Each counter has a corre- 
sponding RAM word. In the Alarm Mode an interrupt is gen- 
erated when the current time is equal to the alarm time. The 
RAM contents are compared to the counters on a word by 
word basis. If a comparison to a particular counter is unnec- 
essary, then the appropriate ‘M’ bit in Compare RAM should 
be set to logic ‘‘1”. 


The ‘M’ bit, referring to Mask bit, causes a particular RAM 
word to be masked off or ignored during a compare. Table 4 
shows addresses and Mask bit information. 


Periodic Interrupts 


The interrupt output can be programmed for 6 periodic 
signals: 100 Hz, 10 Hz, once per second, once per minute, 
once per hour, or once per day. The 100 Hz and 10 Hz 
interrupts have instantaneous errors of +2.5% and 
+0.15% respectively. This is because non-integer divider 
circuitry is used to generate these signals from the crystal 
frequency, which is a power of 2. The time average of these 
errors over a 1 second period, however, is zero. Conse- 
quently, the 100 Hz or 10 Hz interrupts are not suitable as 
an aid in tuning the oscillator; the 1 second interrupt must 
be used instead. 


See General Note (6). 
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The periodic interrupts can occur concurrently and in ad- 
dition to alarm interrupts. The periodic interrupts are con- 
trolled by bits in the interrupt mask register, and are enabled 
by setting the appropriate bit to a “1” as shown in Table 5. 
Bits D1 through D6 in the mask register, in conjunction with 
bits D1 through D6 of the status register, control the gener- 
ation of interrupts according to Figure 5. 


The interrupt status register, when read, indicates the cause 
of the interrupt and resets itself on the rising edge of the RD 
signal. When any of the counters having a corresponding bit 
in the status register increments, that bit is set to a “1” 
regardless of whether the corresponding bit in the interrupt 
mask register is set or not. 


Consequently, when the status register is read it will always 
indicate which counters have increments and if an alarm 
compare occurred, since the last time it was read. This re- 
quires some special software considerations. If a slow inter- 
rupt is enabled (i.e. hourly or daily), the program must al- 
ways check the slowest interrupt that has been enabled 
first, because all the other lower order bits in the status 
register will be set to “1” as well. 


Bit D7 is the global interrupt bit, and when set to a “1”, 
indicates that the 7170 did indeed generate a hardware in- 
terrupt. This is useful when other interrupting devices in ad- 
dition to the 7170 are attached to the system microproces- 
sor, and all devices must be polled to determine which one 
generated the interrupt. 


See General Note (6). 


Table 2: Command Register Format 


Normal/Test 
Mode 


Interrupt 


ett are Enable 


COMMAND REGISTER ADDRESS (10001b, 11h) WRITE-ONLY 
por {| ce | os | eel 


Run/Stop 


12/24 Hour 
Format 


Crystal 
Frequency 


Crystal 
Frequency 


Table 3: Command Register Bit Assignments 


Interrupt 


Test Bit Enable 


205: Normal Mode Lo | Interrupt disabled Ge 
| 1 | TestMode | 1 | interuptenable | 1_| 
fe 
= 


NOTE: All typical values have been characterized but are not tested. 


Run/Stop 


24/12 Hour 
Format 


| 0 | 12 hour mode iO. 
a tees 
heal 


| ae 
Frequency 

| 0 | 32.768KHz | 

ee 

ptt | 41963042 


1 24 hour mode 


—_h 
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Table 4: Address Codes and Functions 


Counter-1/100 seconds 
Counter-hours 

12 Hour Mode 
Counter-minutes 
Counter-seconds 
Counter-month 
Counter-date 
Counter-year 
Counter-day of week 
RAM-1/100 seconds 
RAM-hours 

12 hour Mode 
RAM-minutes 
RAM-seconds 
RAM-month 
RAM-date 
RAM-year 
RAM-day of week 
Interrupt Status 
and Mask Register 
Command register 


0 
0 
0 
0 
0 
0 
0 
0 


~-~coc0000 
OoO444400 
COs — 06 4 a 
-~O-0-0-0 


-oono0o°e7o 
—~ -—- CO © —-> wt 
-~O-O0O- 0 
+ SSS 828 


— ah 
Oo oo 
Oo oOo 
—_~ oOo 


‘NOTES: Addresses 10010 to 11111 ( 12h to 1Fh) are unused. 
‘+’ Unused bit for Interrupt Mask Register, MSB bit for Interrupt Status Register. 
_ 4." Indicates unused bits. 
‘*' AM/PM indicator bit in 12 hour format. Logic ‘‘0” indicates AM, logic “1” indicates PM. 
‘M’ Alarm compare for particular counter will be enabled if bit is set to logic “0”. 


Table 5: Interrupt and Status Registers Format 


| INTERRUPT MASK REGISTER ADDRESS (10000b, 10h) WRITE-ONLY 
Not Used ie ee 1/100 sec. 


bad, ; Alarm/Compare 
<— > . 
= Periodic Interrupt Mask Bits Mask Bit 


INTERRUPT STATUS REGISTER ADDRESS (10000b, 10h) READ-ONLY 


Global Day Hour Sec. 1/10 sec. 1/100 sec. Alarm 
Interrupt 


Periodic Alarm 
and Compare 

Alarm Flag 
Flags 


Periodic Interrupt Flags 


NOTE: All typical values have been characterized but are not tested. 
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Interrupt Operation 


The Interrupt Output N-channel MOSFET (Figure 5) is 
ehabled whenever both the Interrupt Enable bit (D4 of the 
Command Register) and a mask bit (DO-D6 of the Interrupt 
Mask Register) are set. The transistor is turned ON when a 
flag bit is set that corresponds to one of the set mask bits. 
This also sets the Global Interrupt Flag Bit (D7 of the Inter- 
rupt Status Register). It is turned OFF when the Interrupt 
Status Register is read. An interrupt can occur in both the 
operational and standby modes of operation. 


Since system power is usually applied between Vpp and 
Vss, the user can connect the Interrupt Source (pin #11) to 
Vss. This allows the Interrupt Output to turn on only while 
system power is applied and will not be pulled to Vss during 
standby operation. If interrupts are required only during 
standby operation, then the interrupt source pin should be 
connected to the battery’s negative side (Vgacxup). In this 
configuration, for example, the interrupt could be used to 
turn on power for a cold boot. 


Power-Down Detector 


The ICM7170 contains an on-chip power-down detector 
that eliminates the need for external components to support 


| PERIODIC INT’ MASK BITS | 


vemos Pe DPD 
REGISTER 


wor ss Leese [ 
REGISTER 4 


| PERIODIC INT’ FLAGS | 
GLOBAL INTERRUPT FLAG BIT 
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the battery-backup switchover function, as shown in Figure 
6. Whenever the voltage from the Vss pin to the Vaackup 
pin is less than approximately 1.0V (the Vi, of the N-chan- 
nel MOSFET), the data bus !/O buffers in the 7170 are au- 
tomatically disabled and the chip cannot be read or written 
to. This prevents random data from the microprocessor be- 
ing written to the clock registers as the power supply is go- 
ing down. 

Actual switchover to battery operation occurs when the 
voltage on the Vgackup pin is within +50 mV of Vss. This 
switchover uncertainty is due to the offset voltage of the 
CMOS comparator that is used to sense the battery voltage. 
During battery backup, device operation is limited to time- 
keeping and interrupt generation only, thus achieving micro- 
power current drain. If an external battery-backup switch- 
over Circuit is being used with the 7170, or if standby battery 
operation is not required, the Vgacxup pin should be pulled 
up to Vpp through a 2k resistor. 


ALARM MASK BIT 


RD OF ADD HEX 10 => RESET 


INTERRUPT 
ALARM FLAG BIT ENABLE 
COMMAND 
REGISTER 
BIT 04 


0372-8 


Figure 5: interrupt Output Circuit 


NOTE: All typical values have been characterized but are not tested. 
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Time Synchronization 


Time synchronization is achieved through bit D3 of the 
Command Register, which is used to enable or disable the 
100Hz clock from the counters. A logic ‘‘1” allows the coun- 
ters to function and a logic ‘‘0” disables the counters. To 
accurately set the time, a logic “0” should be written into D3 
and then the desired times entered into the appropriate 
counters. The clock is then started at the proper time by 
writing a logic “1” into D3 of the Command Register. 


Latched Data 


To prevent ambiguity while the processor is gathering 
data from the registers, the ICM7170 incorporates data 
latches and a transparent transition delay circuit. 


By accessing the 100ths of seconds counter an internal 
store signal is generated and data from all the counters is 
transferred into a 36-bit latch. A transition delay circuit will 
delay a 100Hz transition during a READ cycle. The data 
stored by the latches is then available for further processing 
until the 100ths of seconds counter is read again. If a RD 
signal is wider than 0.01 sec., 100Hz counts will be ignored. 


Control Lines 


The RD, WR, and CS signals are active low inputs. Data 
is placed on the bus from counters or registers when RD is 
a logic “0”. Data is transferred to counters or registers 
when WR is a logic “0”. RD and WR must be accompanied 
by a logical “0” CS as shown in Figures 3 and 4. The 7170 
will also work satisfactorily with CS grounded. In this mode, 
access to the 7170 is controlled by RD and WR only. 


POSITIVE SUPPLY RAIL 


DIGITAL GROUND 
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With the ALE (Address Latch Enable) input, the ICM7170 
can be interfaced directly to microprocessors that use a 
multiplexed address/data bus by connecting the address 
lines AO-A4 to the data lines DO-D4. To address the chip, 
the address is placed on the bus and ALE is strobed. On the 
falling edge, the address and CS information is read into the 
address latch and buffer. RD and WR are used in the same 
way as On a non-multiplexed bus. If a non-multiplexed bus is 
used, ALE should be connected to Vpp. 


Test Mode 


The test mode is entered by setting D5 of the Command 
Register to a logic “1”. This connects the 100Hz counter 
directly to the oscillator’s output. 


Oscillator Considerations 


Load Design: A new oscillator load configuration, shown 
in Figure 7, has been found that eliminates startup problems 
sometimes encountered with 32kHz tuning fork crystals. 


Two conditions must be met for best oscillator performance: 
the capacitive load must be matched to both the inverter and 
crystal to provide the ideal conditions for oscillation, and the 
resonant frequency of the oscillator must be adjustable to the 
desired frequency. In the original design (Figure 8), these two 
goals were often at odds with each other; either the oscillator 
was trimmed to frequency by detuning the load circuit, or 
stability was increased at the expense of absolute frequency 
accuracy. 


Vop 


(70 DISABLE 


Vic 
INTERNAL GROUND 


Figure 6: Simplified 7170 Battery Backup Circuit 


NOTE: All typical values have been characterized but are not tested. 


The new load configuration (Figure 7) allows these two 
conditions to be met independently. The two load capaci- 
tors, C; and Co, provide a fixed load to the oscillator and 
crystal. C3 adjusts the frequency that the circuit resonates 
at by reducing the effective value of the crystal’s motional 
capacitance, Cp. This minute adjustment does not appreci- 
ably change the load of the overall system, therefore stabili- 
ty is no longer affected by tuning. Typical values for these 
Capacitors are shown in Table 6. C; and Co must always be 
greater than twice the crystal’s recommended load capaci- 
tance in order for C3 to be able to trim the frequency. Some 
experimentation may be necessary to determine the ideal 
values of Cy and Co for a particular crystal. 


This three capacitor tuning method will be more stable than 
the original design and is mandatory for 32 kHz tuning fork 
crystals: without it they may leap into an overtone mode when 
power is initially applied. 

The original two-capacitor circuit (Figure 8) will continue to 
work as well as it always has, and may continue to be used 
in applications where cost or space is a critical considera- 
tion. It is also easier to tune to frequency since one end of 
the trimmer capacitor is fixed at the AC ground of the circuit 
(Vpp), minimizing the disturbance cause by contact between 
the adjustment tool and the trimmer capacitor. Note that in 
both configurations the load capacitors are connected bet- 
ween the oscillator pins and Vpp—do not use Vss as an 
_ AC ground. 


Table 6: Typical Load Capacitor Values 


Layout: Due to the extremely low current (and therefore 
high impedance) design of the ICM7170’s oscillator, special 
attention must be given to the layout of this section. Stray 
capacitance should be minimized. Keep the oscillator traces 
on a single layer of the PCB. Avoid putting a ground plane 
-above or below this layer. The traces between the crystal, 
_ the capacitors, and the 7170 OSC pins should be as short 
as possible. Completely surround the oscillator components 
with a thick trace of Vpp to minimize coupling with any digi- 
tal signals. The final assembly must be free from contami- 
nants such as solder flux, moisture, or any other potential 
sources of leakage. A good solder mask will help keep the 
. traces free of moisture and contamination over time. 


Oscillator Tuning 


Crystal Load Caps Trimmer Cap 
_ Frequency (C4, Co) (C3) . 


Trimming the oscillator should be done indirectly. Direct 


- monitoring of the oscillator frequency by probing OSC IN or 
OSC OUT is not accurate due to the capacitive loading of 
most probes. One way to accurately trim the 7170 is by 
turning on the 1 second periodic interrupt and trimming the 
oscillator until the interrupt period is exactly one second. 
This can be done as follows: 


1) Turn on the system. Write a $00 to the Interrupt Mask 
Register (location $10) to clear all interrupts. 

2) Set the Command Register (location $11) for the appro- 
priate crystal frequency, set the Interrupt Enable and 
Run/Stop bits to 1, and set the Test bit to 0. 


| NOTE: All typical values have been characterized but are not tested. 
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3) Write a $08 to the Interrupt Mask Register to turn on the 
1 second interrupt. 


4) Write an interrupt handler to read the Interrupt Status 
Register after every interrupt. This resets the interrupt 
and allows it to be set again. A software loop that reads 
the Interrupt Status Register several times each second 
will accomplish this also. 


5) Connect a precision period counter capable of measur- 
ing 1 second within the accuracy desired to the interrupt 
output. If the interrupt is configured as active low, trigger 
on the falling edge. if the interrupt is active high, trigger 
on the rising edge. Be sure to measure the period be- 
tween when the transistor turns ON, and when the tran- 
sistor turns ON a second later. 


6) Adjust C3 (Co for the two-capacitor load configuration) 
for an interrupt period of exactly 1.000000 seconds. 


1CM7170 


0372-13 
Figure 7: New Oscillator Configuration 


C; ~ 2 X Load 


- 1CM7170 Co = 5-35 pF 


0372-14 
Figure 8: Original Oscillator Configuration 


APPLICATION NOTES 


Digital Input Termination During Backup 


To ensure low current drain during battery backup opera- 
tion, none of the digital inputs to the 7170 should be ai- 
lowed to float. This keeps the input logic gates out of their 
transition region, and prevents crossover current from flow- 
ing which will shorten battery life. The address, data, CS, 
and ALE pins should be pulled to either Vpp or Vss, and the 
RD and WR inputs should be pulled to Vpp. This is neces- 
sary whether the internal battery switchover circuit is used 
or not. 


PERIPHERALS 


IBM/PC Evaluation Circuit | 


Figure 9 shows the schematic of a board that has been 
designed to plug into an.IBM PC/XT* or compatible computer. 
In this example CS is permanently tied low and access to 
the chip is controlled by the RD and WR pins. These signals 
are generated by U1, which gates the IBM’s IOR and IOW 
with a device select signal from U3, which is functioning as 
an 1/O block address decoder. DS1 selects the interrupt 
priority. 

U5 is used to isolate the ICM7170 from the PC databus for 
test purposes. It is only required on heavily-loaded TTL 
databusses—the ICM7170 can drive most TTL and CMOS 
databusses directly. 


A11 AEN 


A29 A2 
A28 A3 
A27* A4 


BA IRZ>—O*C 
B23 IROS20~O-] TP! POSITIVE INTERRUPT 
B24 IRQA>=—~O~C 
B25 ROS —O-C 


INTERRUPT 
SELECT 


ICM7170 


Since the IBM PC/XT* requires a positive interrupt tran- 
sition, the 7170’s interrupt output transistor has been con- 
figured as a source follower. As a source follower, the inter- 
rupt output signal will swing between OV and 2.5V. When 
trimming the oscillator, the frequency counter must be trig- 
gered on the rising edge of the interrupt signal.: 


Saronix 32kHz NTF3238 
Rayovac Statek 32kHz CX-1V 
Seiko 2MHz GT-38 


Panasonic 


IOR B14 


13 = 
74LS139 iow B13 


L SV B3. B29 
GND BI. 
B31 


D7 A2 
D6 A3 
DS A4 
AS 
A6 
A7 
A8 
AQ 


ro 
i) 


V D1 OPTIONAL DIODE & RESISTOR 
aa] SEE NOTES 


Figure 9: IBM PC Interface for ICM7170 


*IBM, IBM PC, and IBM XT are trademarks of IBM Corp. 


NOTE: All typical values have been characterized but are not tested. 
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GENERAL NOTES: 


(1) TIME ACCESS 

To update the present time registers (Hex 00-07) the 
1/100 register must be read first. The 7 real time coun- 
ter registers (Hours, Minutes, Seconds, Month, Date, 
Day, and Year) data are latched only if the 1/100 sec- 
ond counter register is read. The 1/100 seconds data 
itself is not latched. The real time data will be held in 
the latches until the 1/100 seconds is read again. See 
the data sheet section on LATCHED DATA. None of 
the RAM data is latched since it is static by nature. 


(2) REGULATED OSCILLATOR 

The oscillators power supply is voltage regulated 
with respect to Vqq. In the 32 kHz mode the regulator’s 
amplitude is {Vtn+ Vtp (= 1.8). In the 1, 2, and 4 MHz 
mode the regulator's amplitude is 2Vtn+Vtn+ Vtp 
(=2.6V). As a result, signal conditioning is necessary to 
drive the oscillator with an external signal. In addition, it 
is also necessary to buffer the oscillator’s signal to drive 
other external clocks because of its reduced amplitude 
and offset voitage. 


(3) INTERNAL BATTERY BACKUP 

When the 7170 is using its own internal battery back- 
up circuitry, no other circuitry interfaced to the 7170 
should be active during standby operation. When Vag 
(+ 5V) is turned off (Standby operation), Vaq should 
equal Ve, = OV. All 7170 I/O should also equal Vgs. At 
this time, the Vbackup pin should be 2.8V to 3.5V below 
Vss when using a Lithium battery. 


(4) EXTERNAL BATTERY BACKUP 

The 7170 may be placed on the same power supply 
as battery-backed up RAM by keeping the 7170 in its 
operational state and having an external circuit switch 
between system and backup power for the 7170 and 
the RAM. In this case Vgackxup should be pulled up to 
Vpp through a 2k resistor. Although the 7170 is always 
“on” in this configuration, its current consumption will 
typically be less than a microamp greater than that of 
standby operation at the same supply voltage. (See 
Note 9.) 

Proper consideration must be given to disabling the 
7170’s and the RAM’s I/O before system power is re- 
moved. This is important because many microproces- 
sors can generate spurious write signals when their 
supply falls below their specified operating voltage lim- 
its. NANDing CS (or WR) with a POWERGOOD signal 
will create a CS (or WR) that is only valid when system 
power is within specifications. The POWERGOOD sig- 
nal should be generated by an accurate supply monitor 
such as the ICL7665 under/over voltage detector. 

An alternate method of disabling the 7170's I/O is to 
pull Vgackup down to under a volt above Vss (Vss < 
Veackup < 1.0V). This will cause the 7170 to internally 
disable all 1/O. Do not allow Vgackxup to equal Vss, 
since this could cause oscillation of the battery backup 
comparator (See Figure 6). Vgacxup = Vss + 0.5V 
will disable the |/O and provide enough overdrive for 
the comparator. 

(5) 7170A PART 

The 7170A part is binned at final test for a 32.768 
kHz maximum current of 5 pA. All other specifications 
remain the same. 


NOTE: All typical values have been characterized but are not tested. 
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(6) INTERRUPTS | 

The Interrupt Status Register (address $10) always 
indicates which of the real time counters have been in- 
cremented since the last time the register was read. 
NOTE: This is independent of whether or not any mask 
bits are set. 

The status register is always reset immediately after it 
is read. If an interrupt from the 7170 has occurred since 


the last time the status register was read, bit D7 of the 


register will be set. If the source was an alarm interrupt, 
bit DO will also be set. If the interrupt transistor has 
been turned on, reading the Interrupt Status Register 
will reset it. 

To enable the periodic interrupt, both the Command 
Register’s Interrupt Enable bit (D4) and at least one bit 
in the Interrupt Mask Register (D1-D6) must be set to a 
1. The periodic interrupt is triggered when the counter 
corresponding to a mask bit that has been set is incre- 
mented. For example, if you enable the 1 second inter- 
rupt when the current value in the 100ths. counter is 57, 
the first interrupt will occur 0.43 seconds later. All sub- 
sequent interrupts will be exactly one second apart. The 
interrupt service routine should then read the Interrupt 
Status Register to reset the interrupt transistor and, if 


necessary, determine the cause of the interrupt (period- — 
ic, alarm, or non-7170 generated) from the contents of 


the status register. 

To enable the alarm interrupts, both the Command 
Register’s Interrupt Enable bit (D4) and the Interrupt 
Mask Register’s Alarm bit (D0) must be set to a 1. Each 
time there is an exact match between the values in the 


alarm register and the values in the real time counters, | 


bits DO and D7 of the interrupt Status Register will be 
set to a 1 and the N-channel interrupt transistor will be 
turned on. As with a periodic interrupt, the service rou- 
tine should then read the Interrupt Status Register to 
reset the interrupt transistor and, since periodic and 
alarm interrupts may be simultaneously enabled, deter- 
mine the cause of the interrupt if necessary. 

Mask bits: The 7170 alarm interrupt compares the 
data in the alarm registers with the data in the real time 
registers, ignoring any registers with the mask bit set. 
For example, if the alarm register is set to 11-23-95 
(Month-Day-Year), 10:59:00:00 (Hour-Minutes-Sec- 
onds-Hundredths), and DAY = XX (XX = masked off), 
the alarm will generate a single interrupt at 10:59 on 
November 23, 1995. if the alarm register is set to 11- 
XX-95, 10:XX:00:00, and DAY = 2 (2 = Tuesday); the 
alarm will generate one interrupt every minute from 
10:00- 10:59 on every Tuesday in November, 1995. 


NOTE: Masking off the 100ths of a second counter has the same effect as 
setting it to 00. 
(7) RESISTOR IN SERIES WITH BATTERY 
A 2k resistor (R2) must be placed in series with the 
battery backup pin of the 7170. The UL faboratories 
have requested the resistor to limit the charging and 
discharging current to the battery. The resistor also 
serves the purpose of degenerating parasitic SCR ac- 
tion. This SCR action may occur if an input is applied to 
the 7170, outside of its supply voltage range, while it is 
in the standby mode. 
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(9) SUPPLY CURRENT 
7170 supply current is predominantly a function of 


GENERAL NOTES: (Continued) 
(8) Vgackup DIODE 


Lithium batteries may explode if charged or if dis- 
charged at too high a rate. These conditions could oc- 
cur if the battery was installed backwards or in the case 
of a gross component failure. A 1N914-type diode 
placed in series with the battery as shown in Figure 9 
will prevent this from occurring. A resistor of 2 MQ or so 
should parallel the diode to keep the Vgacxup terminal 
from drifting toward the Vss terminal and shutting off 
7170 1/O during normal operation. 


NOTE: All typical values have been characterized but are not tested. 
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oscillator frequency and databus activity. The lower the 
oscillator frequency, the lower the supply current. When 
there is little or no activity on the data, address or control 
lines, the current consumption of the 7170 in its opera- 
tional mode approaches that of the backup mode. 


Go HARRIS 82C237 


CMOS High Performance 


February 1992 Programmable DMA Controller 
Features Description 
e¢ Fully Compatible with Harris 82C37A The 82C237 is a modified version of the 82C37A. The 
- 82C237 May be Used in 8MHz and 12.5MHz 82C37A 82C237 is fully software and pin for pin compatible with the 
Sockets 82C37A but provides an additional mode for 16-bit DMA 


transfers, as well as enhanced speed. Each channel may be 
individually programmed for 8-bit or 16-bit data transfers. 


Optimized for 10MHz and 12.5MHz 80C286 Systems 


* Special Mode Permits 16-Bit, Zero Wait State DMA = the 820237 controller can improve system performance by 


Transfers allowing external devices to transfer data directly to or from 
¢ High Speed Data Transfers: system memory. Memory-to-memory iborediat avait is 
- Up to 6.25 MBytes/sec with 12.5MHz Clock in also provided, along with a memory block initialization fea- 


ture. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable 
with a variety of features for flexible operation. 


Normal Mode 
- Up to 12.5 MBytes/sec with 12.5MHz Clock in 16-Bit 


Mode 
The 82C237 is designed to be used with an external address 
Compatible with the NMOS 8237A latch, such as the 82C82, to demultiplex the most significant 
Four Independent Maskable Channels with Autoinitial- 8 bits of address. An additional latch is required to 
ization Capability temporarily store the most significant 8 bits of data if 16-bit 
memory-to-memory transfers are desired. The 82C237 can 
be used with industry standard microprocessors such as 


Cascadable to any Number of Channels 


¢ Fully TTL/CMOS Compatible may be programmed to autoinitialize these registers 


NSC800, 80186 and others. Multimode programmability v) 

* Static CMOS Design Permits Low Power Operation allows the user to select from three basic types of DMA a 
- ICCSB = 10uA Maximum services, and reconfiguration under program control is nx 

; O wi 

- ICCOP = 2mA/MHz Maximum possible even with the clock to the controller stopped. Each sx 
channel has a full 64K address and word count range, and oO = 

Lu 

QO. 


Ordering Information 


more | Rmce™ |e | ce 
RANGE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2965 
Copyright © Harris Corporation 1992 


Ceramic DIP 
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Pinouts 
40 LEAD DIP 44 LEAD LCC/PLCC 
TOP VIEW TOP VIEW 
10R 40] A7 
tow [2 [39] AG 
MEMNR | 3 | A5 
MEMw | 4. A4 
*DWLE [5 | 36] EOP 
READY | 6 5] A3 
HLDA 34] A2 
ADSTB | 8 | At 
AEN | 9 | AO 
HRQ Vcc 
cs 30] DBO 
CLK 29] DB1 
RESET 128] DB2 
DACK2 DB3 191 [208 fon 22k at (24t (2st 1261 (271 (28 
rox zajose See agebee ss 
DREQ3 DACKO ae ge a6 
DREQ2 24] DACK1 
DREQ1 DBS5 
DREQO 2) DBS * See Pin Description 
(GND) Vgs {20} DB7 
Block Diagram 
BUFFER 


TEMP WORD TEMP ADDRESS 
COUNT REG (16) REG (16) 


16 BIT BUS 


TIMING 16 BIT BUS 


= 
OUTPUT > 


BUFFER 


COMMAND 
CONTROL 


DATA - 
worn io Ko 


DREQO -_4 
—4_.[ PRIORITY COMMAND 
DREQ3 ENCODER aay, 
HLDA-—> AND 
HRQ ROTATING 
DACKO- . 4. | PRIORITY 
DACK3 LOGIC 


MODE STATUS TEMPORARY g 
(4 x 6) (8) (8) 
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Pin Description 
TABLE 1. 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 
VCC: is the +5V power supply pin. A 0.1uF capacitor between pins 31 and 20 is recommended 
for decoupling. 


| gacpog pee 


CLK 


CLOCK INPUT: The Clock Input is used to generate the timing signals which control 82C237 


operations. This input may be driven from DC to 12.5MHz for the 82C 237-12, or from DC to 8MHz 
for the 82C237. The Clock may be stopped in either state for standby operation. 


CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus 
for CPU communications. 


RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set 
to ignore requests. The Data-Width register is set to perform 8-bit transfers on all channels 
(82C237 only). Following a Reset, the controller is in an idle cycle. 


12 
11 
RESET 13 


READY READY: This signal can be used to extend the memory read and write pulses from the 82C237 to 
accommodate slow memories or 1/O devices. Ready must not make transitions during its 


specified set-up and hold times. See Figure 14 for timing. Ready is ignored in verify transfer mode. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the 
rising edge of clock, during which time HLDA must not transition. 


16-19 DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 
1/0 


HLDA 


DREQO- 
DREQ3 
priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is program- 
mable. Reset initializes these lines to active high. DREQ must be maintained until the correspond- 
ing DACK goes active. DREQ will not be recognized while the clock is stopped. Unused DREQ 
inputs should be pulled High or Low (inactive) and the corresponding mask bit set. In 16-bit 
Transfer mode (82C237 only), each DREQ channel may be programmed to perform either 8-bit 
or 16-bit DMA transfers. 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the I/O Read to output the contents 
of a register to the CPU. The outputs are disabled and the inputs are read during an I/O Write 
cycle when the CPU is programming the 82C237 control registers. During DMA cycles, the most 
significant 8 bits of the address are output onto the data bus to be strobed into an external latch 
by ADSTB. In memory-to-memory operations, data from the memory enters the 82C237 on the 
data bus during the read-from-memory transfer, then during the write-to-memory transfer, the 
data bus outputs write the data into the new memory location. 


21-23 
26-30 


o 9 Oo 
j EE ‘ 


1/O READ: I/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to read the control registers. In the Active cycle, it is an output 
control signal used by the 82C237 to access data from a peripheral during a DMA Write transfer. 


E 


) 
= 


1/0 WRITE: I/O Write is a bidirectional active low three-state line. in the {dle cycle, it is an input 
control signal used by the CPU to load information into the 82C237. In the Active cycle, it is an 
output control signal used by the 82C237 to load data to the peripheral during a DMA Read transfer. 


END OF PROCESS: End of Process (EOP) is an active low bidirectional signal. Information 
concerning the completion of DMA services is available at the bidirectional EOP pin. 


The 82C237 allows an external signal to terminate an active DMA service by pulling the EOP pin 
low. A pulse is generated by the 82C237 when terminal count (TC) for any channel is reached, 
except for channel 0 in memory-to-memory mode. During memory-to-memory transfers, EOP will 
be output when the TC for channel 1 occurs. 


The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up 
resistor to VCC. 


When an EOP pulse occurs, whether internally or externally generated, the 820237 will terminate 
the service, and if autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for autoinitialize. In that case, the mask bit 
remains clear. 
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Pin Description 


TABLE 1. 


| PIN i? oo te OS OM ek 
| sympot | NumBeR | Type |” | DESCRIPTION 


ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 82C237 to address the control register to be loaded or 
read. in the Active cycle, they are outputs and provide the lower 4 bits of the output address. When 
in 16-bit mode (82C237 only), and the active channel is a 16-bit channel (as defined by the Data- 
Width register), then AO will remain plow during the entire transfer (i.e. an even word address will 
always be generated). 


A4-A7 37-40 ADDRESS: The four most significant address lines are three-state outputs and provide 4 bits of 
peer | tere, address. These lines are enabled only during the DMA service. 
HRQ HOLD REQUEST: The Hold Request (HRQ) output is used to request control of the system bus. 
When a DREQ occurs and the corresponding mask bit is clear, or a software DMA request is 
made, the 82C237 issues HRQ. The HLDA signal then informs the controller when access to the 
. system busses is permitted. For stand-alone operation where the 82C237 always controls the 
busses, HRQ may be tied to HLDA. This will result in one SO state before the transfer. 


DACKO- OMA ACKNOWLEDGE: DMA acknowledge is used to notify the individual peripherals when one 
DACK 3 has been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to 
active low. 


ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 


ADDRESS STROBE: This is an active high signal used to control latching of the upper address 
byte. It will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be up- 
dated, thus speeding operation through elimination of S1 states. ADSTB timing is referenced to the 
falling edge of the 82C237 clock. 


MEMORY READ: The memory Read signal is.an active low three-state output used to access 
data from the selected memory location during a DMA Read or a memory-to-memory transfer. 


MEMORY WRITE: The Memory Write is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a memory-to-memory transfer. 


DATA-WIDTH, LATCH ENABLE: In normal 8-bit transfer mode (16-bit transfer mode not enabled), 
this output is always high impedance tri-stated. In 16-bit transfer mode (82C237 only), this output 
serves a dual purpose. During S1 cycles, the DWLE output indicates the data width 
(O = 16-bit, 1 = 8-bit) of the active channel. During memory-to-memory transfers, the DWLE 
output is used to enable an external latch which temporarily stores the 8 most significant bits of 
data during the read-from-memory transfer. DWLE enables this byte of data onto the data bus 
during the write-to-memory transfer of a memory-to-memory operation. 
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Functional Description 


The 82C237 is an improved version of the Harris 82C37A 
DMA controller and is fully software and pin for pin 
compatible with the 82C37A. All operational and pin 
descriptions of the 82C37A apply to the 82C237 with 
additional features noted in the section titled 82C237 
Operation. 


The 82C237 direct memory access controller is designed to 
improve the data transfer rate in systems which must trans- 
fer data from an I/O device to memory, or move a block of 
memory to an I/O device. It will also perform memory-to- 
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided 
to handle single byte transfers as well as discontinuous 
data streams, which allows the 82C237 to control data 
movement with software transparency. 


The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string instruc- 
tions. Memory-to-memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so memory-to-memory 
transfers take place at less than half the rate of I/O 
operations, but still much faster than with central processor 
techniques. The maximum data transfer rates obtainable 
with the 82C237 are shown in Figure 1. 


The block diagram of the 82C237 is shown on page 2. The 
timing and control block, priority block, and_ internal 
registers are the main components. Figure 2 lists the name 
and size of the internal registers. The timing and control 
block derives internal timing from the clock input, and 
generates external control signals. The Priority Encoder 
block resolves priority contention between DMA channels 
requesting service simultaneously. 


82C237 8- 16- 8- 16- 
TRANSFER TYPE | BIT | BIT | BIT | BIT 


Compressed 4.00 | 8.00 | 6.25 | 12.5 | MByte/sec 
Normal I/O 2.67 | 5.34 | 4.17 | 8.34 | MByte/sec 
Memory-to- 1.00 | 2.00 | 1.56 | 3.12 | MByte/sec 
Memory 


FIGURE 1. DMA TRANSFER RATES 


DMA Operation 


In a system, the 82C237 address and control outputs and 
data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 
address byte. While inactive, the controller’s outputs are in a 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C237 
drives the busses and generates the control signals to 


perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 
been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 


For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C237 Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
that channel’s Word Count register. The corresponding 
Mode register is programmed for a memory-to-I/O 
operation (read transfer), and various options are selected 
by the Command register and other Mode register bits. The 
channel’s mask bit is cleared to enable recognition of a 
DMA request (DREQ). The DREQ can either be a hardware 
signal or a software command. 


Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous MEMR 
and IOW pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 


Base Address Registers 

16 Bits 
16 Bits 
16 Bits 
16 Bits 
16 Bits 
8 Bits 
8 Bits 
8 Bits 
6 Bits 
4 Bits 
4 Bits 
4 Bits 


Base Word Count Registers 
Current Address Registers 
Current Word Count Registers 
Temporary Address Register 


Temporary Word Count Register 


Status Register 
Command Register 
Temporary Register 
Mode Registers 
Mask Register 
Request Register 
Data-Width Register* 
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*82C237 only 


FIGURE 2. 82C237 INTERNAL REGISTERS 


To further understand 82C237 operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, active and 
idle. After being programmed, the controller is normally idle 
until a DMA request occurs on an unmasked channel, or a 
software request is given. The 82C237 will then request 
control of the system busses and enter the active cycle. 
The active cycle is composed of several internal states, 
depending on what options have been selected and what 
type of operation has been requested. 
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The 82C237 can assume seven separate states, each 
composed. of one full clock period. State | (SI) is the idle 
state. It is entered when the 82C237 has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in Sl, 
the DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 


State O (SO) is the first state of a DMA service. The 82C237 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C237 may still be programmed 
until it has received HLDA from the CPU. An acknowledge 
from the CPU will signal that DMA transfers may begin. $1, 
$2, S3 and S4 are the working states of the DMA service. If 
more time is needed to complete a transfer than is available 
with normal timing, wait states (SW) can be inserted 
between S3 and S4 in normal transfers by the use of the 
Ready line on the 82C237. For compressed transfers, wait 
states can be inserted between S2 and S4. See timing 
Figures 14 and 15. 


Note that the data is transferred directly from the I/O device 
to memory (or vice versa) with IOR and MEMW (or MEMR 
and |OW) being active at the same time. The data is not read 
into or driven out of the 82C237 in I/O-to-memory or 
memory-to-I/O DMA transfers. 


Memory-to-memory transfers require a read-from and a 
write-to memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a 
single transfer. The first four states (S11,$12, $13, $14 are 
used for the read-from-memory half and the last four states 
(S21, $22, S23, S24) for the write-to-memory half of the 
transfer. 


Idle Cycle 


When no channel is requesting service, the 820237 will 
enter the Idle cycle and perform “SI” states. In this cycle, the 
82C237 will sample the DREQ lines on the falling edge of 
every clock cycle to determine if any channel is requesting a 
DMA service. 


Note that for standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C237. When CS is low and HLDA is low, the 82C237 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by 
reading from or writing to the internal registers. 


The 82C237 may be programmed with the clock stopped, 
provided that HLDA is low and at least one rising clock 
edge has occurred after HLDA was driven low, so the 
controller is in an SI state. Address lines AO-A3 are inputs to 
the device and select which registers will be read or written. 
The IOR and IOW lines are used to select and time the read 
or write operations. Due to the number and size of the 
internal registers, an internal flip-flop called the First/Last 
Flip-Flop is used to generate an additional bit of address. 
The bit is used to determine the upper or lower byte of the 
16-bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. Separate software 
commands can also set or reset this flip-flop. 


Special software commands can be executed by the 
82C237 in the Program Condition. These commands are 
decoded as sets of addresses with CS, IOR, and IOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 


Active Cycle 


When the 82C237 is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will issue HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA service will 
take place, in one of four modes: 


Single Transfer Mode - In single transfer mode, the device 
is programmed to make one transfer only. The word 
count will be decremented and the address decremented or 
incremented following each transfer. When the word count 
“rolls over” from zero to FFFFH, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 


DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer, HRQ 
will go inactive and release the bus to the system. It will 
again go active and, upon receipt of a new HLDA, another 
single transfer will be performed, unless a higher priority 
channel takes over. In 8080A, 8085A, 80C88, or 80C86 
systems, this will ensure one full machine cycle execution 
between DMA transfers. Details of timing between the 
82C237 and other bus control protocols will depend upon 
the characteristics of the microprocessor involved. 


Block Transfer Mode - In Block Transfer mode, the device 
is activated by DREQ or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EOP) is encountered. DREQ need only be held active until 
DACK becomes active. Again, an Autoinitialization will 
occur at the end of the service if the channel has been 
programmed for that option. 


Demand Transfer Mode - In Demand Transfer mode the 
device continues making transfers until a TC or external 
EOP is encountered, or untii DREQ goes inactive. Thus, 
transfers may continue until the I/O device has exhausted 
its data capacity. After the I/O device has had a chance to 
catch up, the DMA service is reestablished by means of a 
DREQ. During the time between services when the 
microprocessor is allowed to operate, the intermediate val- 
ues of address and word count are stored in the 82C237 
Current Address and Current Word Count registers. Higher 
priority channels may intervene in the demand process, 
once DREQ has gone inactive. Only an EOP can cause an 
Autoinitialization at the end of the service. EOP is generated 
either by TC or by an external signal. 


Cascade Mode - This mode is used to cascade more than 
one 82C237 for simple system expansion. The HRQ and 
HLDA signals from the additional 82C237 are connected to 
the DREQ and DACK signals respectively of a channel for 
the initial 82C237. This allows the DMA requests of the 
additional device to propagate through the priority network 
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circuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial 820237 is used only for prioritizing the additional 
device, it does not output an address or control signals of its 
own. These could conflict with the outputs of the active 
channel in the added device, The initial 82C237 will 
respond to DREQ and generate DACK but all other outputs 
except HRQ will be disabled. An external EOP will be 
ignored by the initial device, but will have the usual effect on 
the added device. 


Figure 3 shows two additional devices cascaded with an 
initial device using two of the initial device’s channels. This 
forms a two-level DMA system. More 82C237s could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 


2ND LEVEL 


80C86/88 
MICRO - 
PROCESSOR 


82C237 


1ST LEVEL 


HRQ DREQ 
HLDA  DACK 


82C237 


INITIAL DEVICE | 


. 820237 


ADDITIONAL 
DEVICES 


FIGURE 3. CASCADED 82C237s 


When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device’s mask bits function normally 
on cascaded channels, so they may be used to inhibit 
second-level services. — 


Transfer Types 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and 
Verify. Write transfers move data from an I/O device to the 
memory by activating MEMW and IOR. Read transfers 
move data from memory to an I/O device by activating 
MEMR and IOW. . 


Verify transfers 
operates as_ in 


are pseudo-transfers. The 82C237 
Read or Write transfers generating 


_ addresses and responding to EOP, etc., however the 


memory and I/O control lines all remain inactive. Verify 
mode is not permitted for memory-to-memory operation. 
Ready is ignored during verify transfers. 


Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically 
restored from the Base Address and Base Word Count 
registers of that channel following EOP. The base registers 
are loaded simultaneously with the current registers by the 
microprocessor and remain unchanged throughout the 
DMA service. The mask bit is not set when the channel is in 
Autoinitialize mode. Following Autoinitialization, the channel 
is ready to perform another DMA service, without CPU 
intervention, as soon as a valid DREQ is detected, or 
software request made. 


Memory-to-Memory - To perform block moves of data 
from one memory address space to another with minimum 
of program effort and time, the 820237 includes a memory- 
to-memory transfer feature. Setting bit O in the Command 
register selects channels O and 1 to operate as memory-to- 
memory transfer channels. 


The transfer is initiated by setting the software or hardware 


* DREQ for channel 0. The 82C237 requests a DMA service 


in the normal manner. After HLDA is true, the device, using 
four-state transfers in Block Transfer mode, reads data 
from the memory. The channel O Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C237 internal Temporary 


register. Another four-state transfer moves the data to 


memory using the address in channel one’s Current 


- Address register and incrementing or decrementing it in 


the normal manner. The channel 1 Current Word Count is 
decremented. 


When the word count of channel 1 decrements to FFFFH, 
a TC is generated causing an EOP output, terminating 


the service, and setting the channel 1 TC bit in the Status 
register. The channel 1 mask bit will also be set, unless 
the channel 1 mode register is programmed for 


-autoinitialization. Channel O word count decrementing to 


FFFFH will not set the channel 0 TC bit in the status register 
or generate an EOP, or set the channel 0 mask bit in this 
mode. It will cause an autoinitialization of channel 0, if that 
option has been selected. 


lf full Autoinitialization for a memory-to-memory operation 
is desired, the channel O and channel 1 word counts must 
be set to equal values before the transfer begins. Otherwise, 
if channel O underflows before channel 1, it will autoinitialize 
and set the data source address back to the beginning of 
the block. If the channel 1 word count underflows before 
channel 0, the memory-to-memory DMA service will termi- 
nate, and channel 1 will autoinitialize but channel O will not. 


In memory-to-memory mode, Channel O may be pro- 
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
channel 0 address hold feature is selected by setting bit 1 in 


the Command register. 
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The 82C237 will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (i.e., after an 
$24 state). It should be noted that an external EOP cannot 
cause the channel O Address and Word Count registers to 
autoinitialize, even if the Mode register is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channel 1 registers, if so programmed. Data comparators in 
block search schemes may use the EOP input to terminate 
the service when a match is found. The timing of memory- 
to-memory transfers is found in Figure 13. Memory-to- 
memory operations can be detected as an active AEN with 
no DACK outputs. 


Priority - The 82C237 has two types of priority encoding 
available as software selectable options. The first is Fixed 
Priority which fixes the channels in priority order based 
upon the descending value of their numbers. The channel 
with the lowest priority is 3 followed by 2, 1 and the highest 
priority channel, 0. After the recognition of any one channel 
for service, the other channels are prevented from interfering 
with the service until it is completed. 


The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from 
the channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses is returned to the processor. 


Rotating Priority 


1st 2nd 3rd 
Service Service Service 
highest O 2 service 3 «service 


1 «service 3 «request 0 
lowest 2 \e 1 


3 1 2 


With Rotating Priority in a single chip DMA system, any 


device requesting service is guaranteed to be recognized . 


after no more than three higher priority services have 
occurred. This prevents any one channel from monopolizing 
the system. 


Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 82C237. 


Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
82C237 can compress the transfer time to two clock 
cycles. From Figure 12 it can be seen that state S3 is used 
to extend the access time of the read pulse. By removing 
state S3, the read pulse width is made equal to the write 
pulse width and a transfer consists only of state S2 to 
change the address and state S4 to perform the read/write. 
$1 states will still occur when A8-A15 need updating (see 
Address Generation). Timing for compressed transfers is 
found in Figure 15. EOP will be output in S2 if compressed 
timing is selected. Compressed timing is not allowed for 
memory-to-memory transfers. _ 


Address Generation - In order to reduce pin count, the 


82C237 multiplexes the eight higher order address bits on 


the data lines. State S1 is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C237 
directly. Lines AO-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between CLK, 
AEN, ADSTB, DBO-DB7 and AO-A7. 


During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A8 takes place 
in the normal sequence of addresses. To save time and 
speed transfers, the 82C237 executes $1 states only when 
updating of A8-A15 in the latch is necessary. This means 
for long services, S1 states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 


Programming 


The 82C237 will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising clock edge has occurred after HLDA went low. It is. 
the responsibility of the host to assure that programming 
and HLDA are mutually exclusive. 


Note that a problem can occur if a DMA request occurs 
on an unmasked channel while the 82C237 is being 
programmed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 when 
channel 1 receives a DMA request. If the 82C237 is 
enabled (bit 2 in the Command register is 0), and channel 1 
is unmasked, a DMA service will occur after only one byte 
of the Address register has been reprogrammed. This 
condition can be avoided by disabling the controller (setting 
bit 2 in the Command register) or masking the channel 
before programming any of its registers. Once the program- 
ming is complete, the controller can be enabled/unmasked. 


After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 


Register Description 


Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. The address is 
automatically incremented or decremented by one after 
each transfer and the values of the address are stored in the 
Current Address register during the transfer. This register is 
written or read by the microprocessor in successive 8-bit 
bytes. See Figure 6 for. programming information. It 
may also be reinitialized by an Autoinitialize back to its origi- 
nal value. Autoinitialize takes place only after an EOP. In 
memory-to-memory mode, the channel O Current Address 
register can be prevented from _ incrementing § or 
decrementing by setting the address hold bit in the 
Command register. 
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Current Word Count Register - Each channel has a 
16-Bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e., 
programming a count of 100 will result in 101 transfers). 
The word count is decremented after each transfer. When 
the value in the register goes from zero to FFFFH, a TC will 
be generated. This register is loaded or read in successive 
8-bit bytes by the microprocessor in the Program 
Condition. See Figure 6 for programming information. 
Following the end of a DMA service it may also be 
reinitialized by an Autoinitialization back to its original value. 
Autoinitialization can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of FFFFH 
after TC. 


Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize 
these values are used to restore the current registers to their 
original values. The base registers are written simultaneously 
with their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. See Figure 6 
for programming information. These registers cannot be 
read by the microprocessor. 


Command Register - This 8-bit register controls the 
operation of the 82C237. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The following diagram lists the function of the 
Command register bits. See Figure 4 for Read and Write 
addresses. 


Command Register 


Br Number 


(7/6) 5] 4/3) 2) 1/0) 


OQ Memory -to - memory disable 
1 Memory -to - memory enable 


O Channel O address hold disable 
1 Channel O address hold enable 
X IfbittO= 0 


O Controller enable 
1 Controller disable 


Normal timing 
1 Compressed timing 
X ifbtO= 1 


O Fixed priority 
1 Rotating priority 
Late write selection 


@) 
1 Extended write selection 
X Ifbt3= 1 


JO DREQ sense active high 
11 DREQ sense active low 


O DACK sense active low 
1 DACK sense active high 


Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits O and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits 0 and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 


Mode Register 


7 | 6| 5| 4/3} 2] 1} 0) Bit Number 
0O Channel 0 select 
O01 Channel 1 select 
10 Channel 2 select 
11 Channel 3 select 
XX Readback 


0O Verify transfer 

01 Write transfer 

10 Read transfer 

11. Illegal 

XX If bits 6 and 7= 11 


O._—CAAuttoiinitialization disable 
1 Autoinitialization enable 


Oo Address increment select 
1 Address decrement select 


oo Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 


Request Register - The 82C237 can respond to requests 
for DMA service which are initiated by software as well as 
by a DREQ. Each channel has a request bit associated with 
it in the 4-bit Request register. These are non-maskable 
and subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a Reset or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register ad- 
dress coding, and the following diagram for Request regi- 
ster format. A software request for DMA operation can be 
made in block or single modes. For memory-to-memory 
transfers, the software request for channel 0 should be set. 
When reading the Request register, bits 4-7 will always 
read as ones, and bits 0-3 will display the request bits of 
channels 0-3 respectively. 


Request Register 


(716/5] 413/2)1/0 
a 


Bit Number 


ae 00 Select channel 0 

Bits 4-7 O1 Select channel 1 

10 Select channel 2 

All Ones, 11. Select channel 3 
Read 


O Reset request bit 
|1 Set request bit 
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Mask Register - Each channel has associated with it a mask 
bit which can be set to disable an incoming DREQ. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register is 


also set by a Reset or Master Clear. This disables all hardware . 


DMA requests until a Clear Mask Register instruction allows 
them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits 0-3 will display the mask bits of 
channels 0-3, respectively.. The 4 bits of the mask register 
may be cleared simultaneously by using the Clear Mask 
Register command (see software commands section). 


Mask Register 
|7/ 6/5] 4/3) 2/ 1/0) 


Bit Number 


0O Select channel O mask bit 
01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11 Select channel 3 mask bit. 


Don't Care 


O Clear mask bit 
~|t. Set mask bit 


All four bits of the Mask register may also be written with a 
single command. 


[7/6] 5/41 3/2] 1/0]. 


Bit Number 


Don't Care, O Clear channel O mask bit 
Write {1 Set channel 0 mask bit 
All Ones, 
Read 


O Clear channel 1 mask bit 
1 Set channel 1 mask bit 


O Clear channel 2 mask bit 
1 Set channel! 2 mask bit 


-JO Clear channel 3 mask bit 
1 Set channel 3 mask bit 


Status Register - The Status register is available to be 
read: out of the 82C237 by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached a 
terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by that 


‘channel or an external EOP is applied. These bits are 


cleared upon Reset, Master Clear, and on each Status 
Read. Bits 4-7 are set whenever their corresponding 
channel is requesting service, regardless of the mask bit 
state. If the mask bits are set, software can poll the Status 
register to determine which channels have DREQs, and 
selectively clear a mask bit, thus allowing user defined 


service priority. Status bits 4-7 are updated while the clock 


is high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. 


Status Register 


17/6) 5) 4/3) 2/ 1/0) 


Bit Number 


1 Channel O has reached TC 
1 Channel 1 has reached TC 
1 Channel 2 has reached TC 


1 Channel 3 has reached TC 


1 Channel O request 
1 Channel 1 request 
1 Channel 2 request 


1 Channel 3 request 


Temporary Register - The Temporary register is used to 
hold data during memory-to-memory transfers. Following 
the completion of the transfers, the last byte moved can be 
read by the microprocessor. The Temporary register always 
contains the last byte transferred in the previous memory-to- 
memory operation, unless cleared by a Reset or Master Clear. 


Read Status ence 
Write Command Register — 
Read Request Register © 
Write Request Register 
Read Command Register 
Write Single Mask Bit 
Read Mode Register 
Write Mode Register 

Set First/LastF/F 
Clear First/Last F/F 

Read Temporary Register 
Master Clear 

Clear Mode Reg. Counter 
Clear Mask Register 
Read All Mask Bits 

Write All Mask. Bits 


egy cael: eg em eSB: Sek, a ee ak ke a el ek 


0 
0 
0 
0 
Oo | 
0 
0 
0 
1 
1 
“4 
; 
; 
; 
Aone 
1 


SPOOL OS et O1O'O70 
~300++;00-+00+-+00 
“~oOo-O-0-0=>0-200+-0 
O=-904- 040-020-022 0+ 


_ FIGURE 4. ‘SOFTWARE COMMAND CODES AND REGISTER CODES 
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Software Commands 


There are special software commands which can be 
executed by reading or writing to the 82C237. These 
commands do not depend on the specific data pattern on 
the data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 


Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 82C237. This command initializes the 
flip-flop to a Known state (low byte first) so that subsequent 
accesses to register contents by the microprocessor will 
address upper and lower bytes in the correct sequence. 


Set First/Last Flip-Flop: This command will set the flip- 
flop to select the high byte first on read and write operations 
to address and word count registers. 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. The 82C237 will enter the Idle cycle. 


Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 


Clear Mode Register Counter: Since only one address 
location is available for reading the Mode registers, an 
internal two-bit counter has been included to select Mode 
registers during read operations. To read the Mode 
registers, first execute the Clear Mode Register Counter 
command, then do consecutive reads until the desired 
channel is read. Read order is channel 0 first, channel 3 last. 
The lower two bits on all Mode registers will read as ones. 


External EOP Operation 


The EOP pin is a bidirectional, open drain pin which may be 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up 
resistor to VCC is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is important to note that the 82C237 will not 
accept external EOP signals when it is in an Sl (Idle) state. 
The controller must be active to latch EXT EOP. Once 
latched, the EXT EOP will be acted upon during the next S2 
state, unless the 82C237 enters an idle state first. In the 
latter case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recognized, since the 82C237 is in an Sl state. 


76-Bit Transfer Mode 


The 82C237 is fully software and pin for pin compatible with 
the 82C37A. Therefore, the 82C237 may be used as a 
faster 82C37A without modifications to software or hard- 
ware. The 82C237 may be used as an 82C37A, however, 
the 82C237 has an additional feature in that it may 
be programmed to perform 16-bit DMA transfers, thus 
doubling data transfer rate. In 16-bit transfer mode the 
device operates the same as in normal (8-bit) transfer mode 
with exceptions noted in this section. 


16-Bit Transfer Mode Initialization - To initialize the 
82C237 to 16-bit Transfer Mode, a specific sequence 
of software commands must be written to the device 
immediately after a hardware Reset or a Master Clear 
instruction. The sequence to initialize 16-bit Transfer Mode 
is as follows: 


1) Hardware Reset or Master Clear 
2) Set First/Last Flip-Flop 
3) Clear First/Last Flip-Flop 


These software commands must occur sequentially with no 
communication to or from the 82C237 between commands. 
Once in 16-bit mode, the device will remain in this mode 
until a hardware Reset or Master Clear sets it back to 
normal (8-bit) transfer mode. If this initialization sequence is 
not followed exactly, the 82C237 will operate exactly like 
the 82C37A or the 82C237 in normal 8~-bit mode. 


16-Bit DMA Transfers - In 16-bit transfer mode, each 
DMA channel may be programmed to perform 8-bit or 
16-bit transfers. Channels which are programmed to 
perform 8-bit transfers will operate like a normal 82C37A 
transfer. On channels programmed to perform 16-bit 
transfers, the Current Address register, which is normally 
incremented or decremented by one after each transfer, is 
incremented or decremented by two after each transfer. 
Also, the Current Word Count register, which is normally 
decremented by one after each transfer, is decremented by 
two after each transfer. 


16-Bit Memory-to-Memory Transfers - 16-bit memory- 
to-memory transfers require an external latch to temporarily 
store the 8 most significant bits of data. When 16-bit 
transfer mode is enabled, Pin 5 (DWLE) becomes an active 
output which may be used to enable the external data latch 
during memory-to-memory operations. See Figure 9 for 
a 16-bit DMA application. Channels O and 1 operate as 
memory-to-memory transfer channels. If either channel 0 
or channel 1 is programmed to perform 16-bit transfers 
when a memory-to-memory transfer is initiated, the transfer 
will be a 16-bit transfer. If 8-bit memory-to-memory 
transfers are desired while the 82C237 is in 16-bit transfer 
mode, channels 0 and 1 must both be programmed for 8-bit 
transfers. 


Pin 5 DWLE Output - When the 82C237 is not initialized 
to 16-bit transfer mode, pin 5 is always high impedance 
tri-stated. This insures compatibility with the 82C37A pin 5 
description. In 16-bit transfer mode, this output becomes 
active and serves a dual purpose. 


During the $1 cycle of a transfer, the DWLE output indicates 
the data width (O = 16-bit, 1 = 8-bit) of the active channel. 
This signal may be used with the AO output to generate a 
High Byte Enable signal for use in chip select decode logic. 
Since DWLE is a multiplexed pin, Data Width information 
needs to be captured in an external latch on the falling edge 
of ADSTB. See Figure 9 for a 16-bit DMA application. 


During memory-to-memory transfers, the DWLE output is 
used to enable an external latch which temporarily stores 
the 8 most significant bits of data during the read-from- 
memory half of the transfer. DWLE enables this byte of data 
onto the data bus during the write-to-memory half of the 
transfer. See Figure 9 for a 16-bit DMA application. 
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If an active channel is cascaded, as defined by its mode 
register, DWLE will be driven low at the start of the transfer, 
and will remain low for the entire transfer. This allows the 
DWLE signal from the slave 82C237 to control the system. 
To form the system DWLE signal for cascaded 82C237s, 
simply “OR” the individual DWLE outputs of the Master and 
Slaves. 


Registers Affected By 16-Bit 
Transfer Mode 


Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. On channels 
programmed to perform 8-bit DMA transfers, the address is 
automatically incremented or decremented by one after 
each transfer. On channels programmed for 16-bit DMA 
transfers, the address is automatically incremented or 
decremented by two after each transfer. 


During all 16-bit transfers, the AO output will remain low for 
the entire transfer, even if an odd address is programmed 
into the channel’s Current Address register (i.e. only even 
word addresses will be generated). 


The Current Address register is written or read by the 
microprocessor in successive 8-bit bytes. See Figure 6 for 
programming information. It may also be reinitialized by an 
Autoinitialize back to its original value. Autoinitialize takes 
place only after an EOP. In memory-to-memory mode, the 
channel O Current Address register can be prevented from 
incrementing or decrementing by setting the address hold 
bit in the Command register. 


Current Word Count Register - Each channel has a 
16-bit Current Word Count register. This register 
determines the number of transfers to be performed. On 
channels programmed for 8-bit transfers, the actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e. 
programming a count of 100 will result in 101 transfers). 
The word count is decremented by one after each transfer 
on 8-bit transfer channels. 


On channels programmed for 16-bit transfers, the word 
count is decremented by two after each transfer. This 
means that for even values in the Current Word Count 
register, the actual number of transfers will be n/2 + 1, 
where n is the value in the Current Word Count register. For 
odd values in this register, the actual number of transfers 
will be (n+1)/2. When the value in the Current Word Count 
register decrements past zero (i.e. O to FFFEH or 1 to 
FFFFH), a TC will be generated. 


This register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. See Figure 6 
for programming information. Following the end of a DMA 
service it may also be reinitialized by an Autoinitialization 
back to its original value. Autoinitialization can occur only 
when an EOP occurs. If it is not Autoinitialized, this register 
will have a count of FFFFH after TC on 8-bit transfers, or 
FFFEH after TC on 16-bit transfers. 


Data-Width Register - When 16-bit transfer mode is 
enabled, the Data-Width register becomes accessible and 
is used to program each DMA channel to perform either 


8-bit transfers or 16-bit transfers. Data bits 4-7 represent 
DREQ channels 0-3 respectively and determine the data 
width (8-bit or 16-bit) of each channel during DMA 
transfers. When programming this register, bit 3 of the data 
must be set to “0”. Since the address of the Data-Width 
register is the same as the Mask register, bit 3 selects which 
register is actually written. 


Data-Width Register - 16-bit transfer mode enabled 


Bit Number 


Don’t Care 


Must be O to write all 
data - width bits 


16 - bit transfers 


Channel 0 = 

Channel O = 8 - bit transfers 
Channel 1 = 16 - bit transfers 
Channel 1 = 8 - bit transfers 
Channel 2 = 16 - bit transfers 
Channel 2 = 8 - bit transfers 
Channel 3 = 16 - bit transfers 
Channel 3 = 8 - bit transfers 


Mask Register - In 16-bit transfer mode this register 
operates the same as the previous Mask register description 
with the exception of bit 3 when writing the instruction to 
separately set or clear a mask bit. Bit 3 of the data must be © 
“1” when writing a single mask bit. Bits 4-7 are ignored — 


when this instruction is written. Refer to the following | 


diagram for writing single mask bits. 


Mask Register - 16-bit transfer mode enabled 


- Bit Number 


00 Select channel 0 mask bit 
01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11 Select channel 3 mask bit 


Don’t Care 


QO Clear mask bit 
1 Set mask bit 


1. Must be 1 to write single 
mask bit 


The software command to write all four bits of the Mask | 
register has no affect on the state of the Data-Width bits. 


When reading the Mask/Data-Width register (they share 
the same address), bits 0-3 will always display the mask 
bits of channels 0-3, respectively. With 16-bit transfer 
mode not enabled, bits 4-7 will always read as logical ones. 
With 16-bit transfer mode enabled, bits 4-7 will display the 
data-width bits for channels 0-3 respectively. 
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The Mask and Data-Width registers are set by Reset or 
Master Clear. This disables all hardware DMA requests until 
a clear mask bit instruction allows them to be recognized. 
Reset or Master Clear forces the Mask and Data-Width 
registers to operate as in normal mode (Data-Width register 
not accessible) until 16-bit transfer mode is again entered. 
The four mask bits may also be cleared simultaneously by 
using the Clear Mask Register command (see software 
commands section). This command has no effect on the 
data-width bits. 


Temporary Register - The internal Temporary register 
is used to hold data during memory-to-memory transfers. 
Following the completion of the transfers, the last byte 
moved can be read by the microprocessor. In the case of 
16-bit transfers, only the least significant 8 bits of the last 
word transferred are stored in this register. The Temporary 
register always contains the last byte transferred in the 
previous memory-to-memory operation, unless cleared by 
a Reset or Master Clear. 


Software Commands Affected by 
76-Bit Mode 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. When the Master Clear instruction occurs 
while in 16-bit transfer mode, the 82C237 enters normal 
(8-bit) transfer mode in the Idle cycle. 


Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 
This command has no effect on data-width bits in 16-bit 
transfer mode. 


Read Status Register 

Write Command Register 

Read Request Register 

Write Request Register 

Read Command Register 

Write Single Mask Bit (Note 1) 

Write All Data-Width Bits (Notes 1, 2) 
Read Mode Register 

Write Mode Register 

Set First/Last F/F 

Clear First/Last F/F 

Read Temporary Register 

Master Clear 

Clear Mode Reg. Counter 

Clear Mask Register 

Read All Mask/Data- Width Bits (Note 2) 
Write All Mask Bits 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


NOTES: 1. The register to be written is determined by data bit 3. 
2. Data-Width bits exist in 820237, 16-bit mode only. 


~ te st ste wa a sa we OOO OOO OUTDO OO 


-=s24+2- 09000444424 0000 
“~=900-++00++000+24+ 00 
=-O+-0;A0-0+7+ 02402020 
o-070-=0+202002020 4 


FIGURE 5. 16-BIT MODE SOFTWARE COMMAND CODES AND REGISTER CODES 
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SIGNALS FIRST/LAST 
a FLIP-FLOP | DATABUS 
CHANNEL REGISTER OPERATION | CS 1OR 1OW A3 A2 Al AO STATE DBO-DB7 
1 


Base and Current 
Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


00 00 00 00 


Base and Current 
Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


oo 00 900 00 oO O00 00 O00. 


Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


Base and Current 
Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


oo 00 00 00 oo 00 00 00 oO 00 00 00 oO 900 00 0090 
oo 00 00 00 oo 00 00 00 oo 080 00 900 O00 00 00 CO 


| Base and Current 


FIGURE 6. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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Application Information 


Figure 7 shows an application for a DMA _ system 
utilizing the 82C237 DMA controller and the 80C88 
Microprocessor. In this application, the 82C237 DMA 
controller is used to improve system performance by 
allowing an I/O device to transfer data directly to or from 
system memory. 


Components 


The system clock is generated by the 82C84A clock driver 
and is inverted to meet the clock high and low times 
required by the 82C237 DMA controller. The four OR gates 
are used to support the 80C88 Microprocessor in minimum 
mode by producing the control signals used by the proces- 
sor to access memory or I/O. A decoder is used to generate 
chip select for the DMA controller and memory. The most 
significant bits of the address are output on the address/ 
data bus. Therefore, the 82C82 octal latch is used to 
demultiplex the address. Hold Acknowledge (HLDA) and 


HLDA 
82C84A » 
OR 
82C85 AX ae“ at 
STB [i 
ue Ie 
| Loeb 


CLK 


Ls MEMCS—> 
|) | OW M E M R -——> BESEESRESESSRESEES 
MEMW —> 


NOTE: The address lines need pull-up resistors. 


DATA BUS 


Address Enable (AEN) are “ORed” together to insure that 
the DMA controller does not have bus contention with the 
microprocessor. 


Operation 


A DMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue 
a Hold request (HRQ) to the processor. The system 
busses are not released to the DMA controller until a Hold 
Acknowledge signal is returned to the DMA controller from 
the 80C88 processor. After the Hold Acknowledge has 
been received, addresses and control signals are generated 
by the DMA controller to accomplish the DMA transfers. 
Data is transferred directly from the |/O device to memory 
(or vice versa) with IOR and MEMW (or MEMR and IOW) 
being active. Note that data is not read into or driven out of 
the DMA controller in I/O-to-memory or memory-to-1/O 
data transfers. 


VCC 


82C37A/82C237 


CLK a 
cs EOP 
ADSTB- ~—-HLDA 
JOR 
lOW 
MEMR 
MEMW 
HRQ 
DREQO 


AEN 


Ao-7 
DBo -7 


DEVICE 


+— 10R 


— IOW 


FIGURE 7. APPLICATION FOR DMA SYSTEM 
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CMOS 
PERIPHERALS 


82C237 


Figure 8 shows an application for a DMA system using the 
82C37A or 82C237 DMA controller and the 80C286 
Microprocessor. 


In this application, the system clock comes from the 
82C284 clock generator PCLK signal which is inverted to 
provide proper READY setup and hold times to the DMA 
controller in an 80C286 system. The Read and Write 
signals from the DMA controller may be wired directly to 
the Read/Write control signals from the 82C288 Bus 


CHIP SELECT 
DECODE|___ > TO MEMORY/ 
PERIPHERALS 


80C286 


Controller. The octal latch for A8 - A15 from the DMA 
controller's data bus is on the local 80C 286 address bus so 
that memory chip selects may still be generated during 
DMA transfers. The transceiver on AO - A7 is controlled 
by AEN and is not necessary, but may be used to drive a 
heavily loaded system address bus during transfers. The 
data bus transceivers simply isolate the DMA controller 
from the local microprocessor bus and allow programming 
on the upper or lower half of the data bus. 


AO - A23 —— 
| memory|* MEMR 
«— MEMW 
TRANSCEIVER 
« MEMCS 
«—1OR 
<—1OW 
TRANS. | [ TRANSCEIVER 
CEIVER aie 
<— DACK 


AEN EOP DO-D/ 
ADSTB 
HRQ 
HLDA 
CLK 


82C37A/82C237 r 


READY DREQO-3 DACKO-3 


TO CORRESPONDING 
82C288 SIGNALS AND 
MEMORY/PERIPHERALS 


EMR 
MEMW 


FIGURE 8. 80C286 DMA APPLICATION 


4-146 


82C237 


Figure 9 shows the data bus for a 16-bit DMA application 
with the 82C237. High memory and low memory are 
selected accordingly with AO and the 8/16 signal during 
DMA transfers. The 8/16 signal is formed from DWLE with a 
D flip-flop and ADSTB. ADSTB must be inverted to the D 
flip-flop since DWLE is set up to the falling edge of ADSTB 
and the 74F74 latches data on the rising edge of CLK. 


80C286 


820237 

Do - D7 
1OR 
low 
MEMR 
MEMW 
DWLE 
ADSTB 


MEMCS 
FROM DECODER 


*Only needed for memory-to-memory transfers. 


The ADSTB inverted could be eliminated by using a 74F75 
falling edge D latch. The latch on D8 - D15 is needed for 
16-bit memory-to-memory transfers. The upper eight bits 
of data are latched by MEMR during the read half of the 
transfer. The data is then enabled onto the data bus during 
the write half of the transfer. 


oe. DIS HIGH 
MEMORY 


[:eavscene : 


LOW 
_MEMORY 
CS 


I/O 
DEVICE 


Oo 
DEVICE 


FIGURE 9. DATA BUS FOR 16 BIT DMA APPLICATION 
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Specifications 82C237 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage e465 6 von opiewae Vaua Fame ei were cues +8.0 Volts Thermal Resistance Bia Bic 
Input, Output or I/O Voltage Applied ....GND -0.5V to VCC +0.5V Ceramic DIP Package.............. 28°C/W 6°C/W 
Storage Temperature Range ...........0.000- -65°C to +150°9C LCG Package cesses scecd bese tviks 66°C/W 129C/W 
Junction Temperature ....... 0. ccc cece cece cece ee eenes +175°9C Maximum Package Power Dissipation.................085 1 Watt 
Lead Temperature (Soldering, Ten Seconds) ............ +300°°: “Gate Count svncs tiniest tei Ge cosas sa Sei eeaen 2325 Gates 


CAUTION: Stresses above those listed in the Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range ........... ccc eee ee eee +4.5Vto+5.5V Operating Temperature Ranges 
B26 287 cick wisn cccaret ieee a seen ea aes 0°C to +70°C 
B26 237 wedi ead cin waeee wer amneneee es -40°C to +859C 
MS2C6237 oi stead eneteaiua sas ook ewer -559C to +125°C 


D.C. Electrical Specifications vCc = +5.0v +10%, Ta = 0°C to +70°C (C82C237) — 
Ta = -40°C to +85°C (182C237) 
Ta = ~55°C to +125°C (M82C237) 


SYMBOL PARAMETER ee UNITS TEST CONDITIONS 
Logical One Input Voltage 2.0 C82C237, 1820237 
2.2 M82C237 


Output HIGH Voltage 3.0 V 1IOH =-2.5mA 
VCC -0.4 V 1OH = -100uA 
Output LOW Voltage Lt ee ie IOL = +2.5mA all output except EOP, 


Fs . IOL = +3.2 for EOP pin 36 only. 


— VIN = GND or VCC, Pins 6, 7, 11, 12, 13, 16-19 
Output Leakage Current -10.0 +10.0 VOUT = GND or VCC, Pins 1-5, 21-23, 
26-30, 32-40. _ 
ICCSB Standby Power Supply 10 VCC = 5.5V, VIN = VCC or GND, 
Current ' Outputs Open — 

iCCOP Operating Power Supoly ‘mA/MHz | VCC = 5.5V, CLK FREQ = Maximum, 

Current VIN = VCC or GND, Outputs Open 
Capacitance Ta, = +25°C | 3 : _ se = 

SYMBOL PARAMETER TYPE UNITS TEST CONDITIONS 
a Input Capacitance a ae er FREQ = 1MHz, All measurements are 
mam referenced to device GND 


< 
ELE 
= 
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Specifications 82C237 


A.C. Electrical Specifications VCC = +5.0V +10%, GND = OV, 
Ta = 0°C to +70°C (C82C237), 
Ta = -40°C to +85°C (182C237), 
Ta = -55°C to +125°C (M82C237) 


82C237 82C237-12 


SYMBOL PARAMETER 


oOo 


DMA (MASTER) MODE 


(1)TAEL AEN HIGH from CLK LOW (S1) Delay 


Time 


105 


(2)TAET AEN LOW from CLK HIGH (SI) Delay 


Time 


(3)TAFAB ADR Active to Float Delay from CLK 


HIGH 


55 


(4)TAFC READ or WRITE Float Delay from CLK 
HIGH 


N 
on 


(5)TAFDB DB Active to Fioat Delay from CLK HIGH 135 


(6)TAHR ADR from READ HIGH Hold Time TCY- 


TCL-18 


TCY- 


(7)TAHS DB from ADSTB LOW Hold Time TCL-18 


(8)TAHW ADR from WRITE HIGH Hold Time TCY-65 TCY-50 


(9)TAK DACK Valid from CLK LOW 


Delay Time 


EOP HIGH from CLK HIGH 


Delay Time vd 
EOP LOW from CLK HIGH 7) Pas 
Delay Time O wi 
Ss =< 
(10)TASM ADR Stable from CLK HIGH ) = 
(11)TASS DB to ADSTB LOW Setup Time TCH-20 TCH-20 a 
(12)TCH Clock HIGH Time (Transitions 10ns) 30 
(13)TCL Clock LOW Time (Transitions 10ns) 43 
(14)TCY CLK Cycle Time 
(15) TDCL CLK HIGH to READ or WRITE LOW 130 
Delay 
(16)TDCTR READ HIGH from CLK HIGH (S4) Delay 115 
Time 
(17) TDCTW WRITE HIGH from CLK HIGH (S4) Delay 70 
Time 


(18)TDQ HRQ Valid from CLK HIGH 


Delay Time 

EOP Hold Time from CLK LOW (S2) 
EOP LOW to CLK LOW Setup Time 
EOP Pulse Width 

ADR Valid Delay from CLK HIGH 


(23) TFAC READ or WRITE Active from 
CLK HIGH 


“I 
on 


On 


(19)TEPH 
(20)TEPS 
(21)TEPW 


5 
3. 


ah 


ye) 


on 


(22)TFAAB 


(24)TFADB 
(25)THS 


DB Valid Delay from CLK HIGH 


or 


HLDA Valid to CLK HIGH Setup Time 


io) 
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Specifications 82C237 


A.C. Electrical Specifications VCC = +5.0V +10%, GND = OV, (Continued) 
T, = 0°C to +70°C (C82C237), | 
Ta = -40°C to +85°C (1820237), 
Ty = -55°C to +125°C (M82C237) 


820237 82C237-12 
SYMBOL PARAMETER | | MAX | UNITS 


DMA (MASTER) MODE (Continued) 


Input Data from MEMR HIGH : 
Hold Time 


(27)TIDS Input Data to MEMR HIGH 
Setup Time 


Output Data from MEMW HIGH 
Hold Time 


(26)TIDH 


(28)TODH TCY-50 


Setup Time 


CLK to READY LOW Hold Time 
READY to CLK LOW Setup Time 


(31)TRH 
(32)TRS 
(33)TCLSH ADSTB HIGH from CLK LOW 70 


Delay Time 


(34)TCLSL ADSTB LOW from CLK LOW 


MN 
os ae co 
(30)TQS DREQ to CLK LOW (SI, S4) se La 
es es 
at Rot Se 


(35)TWRRD 


READ HIGH Delay from WRITE HIGH sO. 
READ Pulse Width, Normal Timing 
ADSTB Pulse Width 
Extended WRITE Pulse Width 
WRITE Pulse Width 
READ Pulse Width, Compressed | Tcy-60 | 


ADR Valid to READ LOW 
ADR Valid to WRITE LOW 


2TCY-55 
2TCY-80 
S 


(36)TRLRH 
(37)TSHSL 
(38) TWLWHA 
(39) TWLWH 


(29)TODV Output Data Valid to MEMW HIGH TCY-35 
0 


3 
20 
35 

5 


45 
5 
TCY-10 
15 
3 


TCY-80 


(40) TRLRHC 
(56) TAVAL 
(57) TAVWL 
(58)TRHAL 
(59) TRHSH 
(60) TWHSH 
(61) TDVRL 


READ HIGH to AEN LOW 
READ HIGH to ADSTB HIGH 


WRITE HIGH to ADSTB HIGH F158 


DACK Valid to READ LOW 


DACK Valid to WRITE LOW 

READ HIGH to DACK Inactive 

ADR Float to READ LOW 

Output Enable Valid Before WRITE HIGH 


(62)TDVWL 

(63) TRHD! 
(64)TAZAL 

(65) TOEV 
(66)TOEH | 


Oo 
© 
» 
< 
bm 
3 
® 


TCY+20 


TCY+20 


17 
7 
15 
25 
25 
TCY-50 


17 

7 

12 
Output Enable Hold Time from 50 
WRITE HIGH 
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Specifications 820237 


A.C. Electrical Specifications VCC = +5.0V +10%, GND = OV, (Continued) 
T, = 0°C to +70°C (C82C237), 
T, = -40°C to +85°C (i82C237), 
T, = -55°C to +125°C (M82C237) 


82C237 
SYMBOL PARAMETER 


PERIPHERAL (SLAVE) MODE 


(41) TAR ADR Valid or CS LOW to READ LOW 
(42) TAWL ADR Valid to WRITE LOW Setup Time 
(43) TCWL CS LOW to WRITE LOW Setup Time 


82C237-12 


waiTow 


(48)TRSTD Power Supply HIGH to RESET LOW Set- 
up Time 


ayn 


(53) TWC CS HIGH from WRITE HIGH 
Hoid Time 


(54)TWD Data from WRITE HIGH Hold Time 


(55) TWWS WRITE Pulse Width 


2TCY 
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Waveforms 
SLAVE MODE WRITE TIMING 


cS 
| (43) _ TCWL (55) TWC (53) 
low an 
avn . 7 | TWA (52) 
no - 3 Curva 
(44) TWD (54) 


TDW 


INPUT VALID 


FIGURE 10. SLAVE MODE TIMING 


NOTE: Successive WRITE accesses to the 82C237 must allow at least TCY as recovery time between accesses. A TCY recovery time must be allowed before 
‘executing a WRITE access after a READ access. 


SLAVE MODE READ TIMING 


. ADDRESS MUST BE VALID | 


TAR 
(41) 


(45) 
iOR 


(47) 
(46) TRDOF 


DBO - DB7 DATA OUT VALID S 


FIGURE 11. SLAVE MODE READ 


NOTE: Successive READ accesses to the 82C237 must allow at least TCY as recovery time between accesses. A TCY recovery time must be allowed before 
executing a WRITE access after a READ access. 
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Waveforms 


DMA TRANSFER TIMING 
Si 


TCH 
ee (12) 
NARANAARAASS 
(18) 
TDQ 


- Hen 
*DWLE ee aw, I 
HLDA 66 —L/ ANUNNANANAN 
TAEL (2) 
(1) TAET 


DBO i DB7 een <a 
AS -A15 TAFAB (3) 
ae TAFDB TAHW 
TFAAB 
is UCT nine 


CLK 


DREQ 


CMOS 
PERIPHERALS 


AD = AT nh eee i Ae tt 
5 (84) hale + | TAHR (6) 
(9) ri | TAZAL il (6) TRHDI (63) 
DACK oneness 
J | TAFC 
(23) a (4) 
TFAC [ fro TR 
READ —_-5 ANCL 3e)_|_7 
ory ae 
(17) TOCTW 
ea 
WRITE eee, =k] ma 
oa oe 2 
(62) Bre / TAK (9) 
INT EOP " (FOR EXTENDED WRITE) 
(9) TAK 
TEPW (21) 
er 
EXE NANANNASNNN Se SISSIUIIITIIID 


FIGURE 12. DMA TRANSFER 


*For 16-bit mode, 82C237 only. In 8-bit mode this signal is always high impedance tri-stated. Waveform shown is for an 8-bit transfer with the 
82C237 programmed in 16-bit mode. For a 16-bit transfer, DWLE will go low at least TASS before the falling edge of ADSTB in S2, and remain low 
for the entire transfer. 
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Waveforms 


MEMORY-TO-MEMORY TRANSFER TIMING 


so $11 $12 $13 $14 $21 $22 $23 $24 $11/S! 
(33) 
TCLSH Bi Pe 
ADSTB 
TFAAB 
(11) TASS fe 


AO - A7 (; |] | aopress vation {| | _) 


TFADB (24) , la 
ee 


DBO a DB7 -A15 : 


MEMR 


fe ||: {aDpRESS vALID |__|) 


TAFDB 
(5) | 
(AAS In | TAS -A15 r jOuT 3 
: ore 
7 (24) | | Pe taal 
TOVD z 


MEMW 


*DWLE 


EOP 


(20) TEPS 


TEPH (19) 
(21) 


cap TEPW 
EXIVEOR VARVALALTURVABURLARLARBSLSTY "TAM 


FIGURE 13. MEMORY-TO-MEMORY TRANSFER 
*For 16-bit mode, 82C237 only. In 8-bit mode this signal is always high impedance tri-stated. Waveform shown is for a 16-bit memory-to-memory 


transfer. For an 8-bit transfer in 16-bit mode, DWLE will go high at least TASS before the falling edge of ADSTB in S2, then low TAHS after the falling 
edge of ADSTB, and will remain low until the next ADSTB where the cycle is repeated. 


4-154 


82C237 


Waveforms 


READY TIMING 


S2 S3 SW Sw S4 
CLK 
TDCL (16) 
READ 
TDCL + (15) mS TDCTW (17) 
WRITE EXTENDED —=\ 
Mee (31) TRH] —— TRH (31) 


(32) TRS TRS (32) 


READY 


FIGURE 14. READY 


NOTE: READY must not transition during the specified setup and hold times. 


COMPRESSED TRANSFER TIMING 


$2 $4 S2 S4 


TASM 
im : 
q 


TDCTR TDCTR 
TDCL }— (15) (16) sy (16) 
TRLRHC 
READ (40) 
(17) 
TDCTW 
WRITE 

TRH (31) TRH (31) 


(32) TRS (32) TRS 
READY 5 K : . 


FIGURE 15. COMPRESSED TRANSFER 
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Waveforms A.C. Test Circuits 
RESET TIMING 
V1 

Geeta 

Voc _/\.__(4g) TRSTD - 
(50) TRSTW OUTPUT FROM 
DEVICE UNDER TEST POINT 
a : 
io TEST = C1 


1OR OR IOW TRSTS 
ee ermine 


*includes STRAY and FIXTURE Capacitance 


FIGURE 16. RESET 
oe : TEST CONDITION DEFINITION TABLE 


ess we et is _ 
All Outputs Except EOP 520 100pF 


A.C. Testing Input, Output Waveforms 


INPUT OUTPUT 
VIH + 0.4V VOH 
| 1.5V 1.5V 
VIL - 0.4V VOL 
OUTPUT OUTPUT 
Z-LORH - LORH=-Z 
VOH VOH 
2.0V VO -0.45 
0.8V a 
VOL VOL 


A.C. Testing: All A.C. Parameters tested as per test circuits. Input RISE and FALL times are driven at ins/V. 
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oe cane 82C 284 


Clock Generator and Ready Interface 
for 80C286 Processors 


February 1992 


Features Description 


e Generates System Clock for 80C286 Processors The Harris 82C284 is a clock generator/driver which provides 
clock signals for 80C286 processors and support components. 


* Generates System Reset Output from Schmitt It also contains logic to supply READY to the CPU from either 


Trigger Input asynchronous or synchronous sources and synchronous 
- Improved Hysteresis RESET from an asynchronous input with hysteresis. 
e Uses Crystal or External Signal for Frequency 
Source ' ; 
- Dynamically Switchable between Two _ Input Ordering Information 


Frequencies 


Provides Local READY and MULTIBUS® READY 
Synchronization 


Static CMOS Technology 
Single +5V Power Supply 


TEMPERATURE 
RANGE 
Ceramic DIP 0°C to +70°C Ra oa CD82C284-12 
-40°C to +85°C | 1D82C284-10 | 1D82C284-12 


-55°C to +125°C +~=| MD82C284- MD82C284- 
10/883 12/883 


" Respective /883 specifications are included at the end of this data 


*/883 


Available in 18 Lead Cerdip Package 


sheet. 
a s e dp) 
Pinout | Functional Diagram 2 
18 LEAD CERAMIC DIP wo 
TOP VIEW oO re 
52 
m7 
RESET a. 
RES 
x1 
me CLK 
EFI 
FIC 
ARDYEN 
YNCHRONI 
ARDY SYNCHRONIZER 
SRDYEN d 
sapy — 4d READYLOGIC [_. SEKDY 
ST : 
= i PCLK GENERATOR nein 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2966 
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Pin Description The following pin function descriptions are for the 82C284 clock generator. 


TABLE 1. PIN DESCRIPTION 


PIN 
“SYMBOL. DESCRIPTION 


SYSTEM CLOCK: the signal used by the processor and support devices which must 
be synchronous with the processor. The frequency of the CLK output has twice 

the desired internal processor clock frequency. CLK can drive both TTL and CMOS 
CMOS level inputs. 


F/C 


FREQUENCY/CRYSTAL SELECT: this pin selects the source for the CLK output. 
When there is a LOW level on this input, the internal crystal oscillator drives CLK. 
When there is a HIGH level on F/C, the EF! input drives the CLK input. This pin 

can be dynamically switched, which allows changing the processor CLK frequency 


while running for low-power operation, etc. 


X1, X2 CRYSTAL IN: the pins to which a parallel resonant, fundamental mode crystal is 
attached for the internal oscilator. When F/C is LOW, the internal oscillator 
will drive the CLK output at the crystal frequency. The crystal frequency must 
be twice the desired internal processor clock frequency. 


EXTERNAL FREQUENCY IN: drives CLK when the F/C input is HIGH. The EFI 
input frequency must be twice the desired internal processor clock frequency. 


@ 


PERIPHERAL CLOCK: the output which provides a 50% duty cycle clock with 
one-half the frequency of CLK. PCLK will be in phase with the internal processor 
clock following the first bus cycle after the processor has been reset. 


ASYNCHRONOUS READY ENABLE: an active LOW input which qualifies the 
ARDY input. ARDYEN selects ARDY as the source of READY for the 

current bus cycle. Inputs to ARDYEN may be applied asynchronously to CLK. 
Setup and hold times are given to assure a guaranteed response to synchronous 
outputs. 


ARDYEN 


ASYNCHRONOUS READY: an active LOW input used to terminate the current bus 
cycle. The ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied 
asynchronously to CLK. Setup and hold times are given to assure a guaranteed 
response to synchronous outputs. 


SYNCHRONOUS READY ENABLE: an active LOW input which qualifies SRDY. 
SRDYEN selects SRDY as the source for READY to the CPU for the 
current bus cycle. Setup and hold time must be satisfied for proper operation. 


SRDYEN 


> Uv 
g x 
q 


n 
ps) 
s) 
< 


SYNCHRONOUS READY: an active LOW input used to terminate the current bus 
cycle. The SRDY input is qualified by the SRDYEN input. Setup and hold time 
must be satisfied for proper operation. 


READY: an active LOW output which signals to the processor that the current 
bus cycle is to be completed. The SRDY, SRDYEN, ARDY, ARDYEN, S1, 

SO, and RES inputs control READY as explained later in the READY 
generator section. READY is an open drain output requiring an external 
pull-up resistor. 


15, 16 ST ATUS: these inputs prepare the 82C284 for a subsequant bus cycle. §0 and 
$1 synchronize PCLK to the internal processor clock and control READY. 


Setup and hold times must be satisfied for proper operation. 
RESET 


RESET: an active HIGH output which is derived from the RES input. RESET 
is used to force the system into an initial state. When RESET is active, 
READY will be active (LOW). 


D 

3 z 

| S) 

= < 
tk 
nm 


RESET IN: an active LOW input which generates the system reset signal (RESET). 
Signals to RES > may be applied asynchronously to CLK. A Schmitt trigger input 

is provided on RES, so that an RC circuit can be used to provide a time delay. 
Setup and hold times are given to assure a guaranteed response to synchronous 
inputs. 


< 
O 
O 
_ 
© 


=a 
om 


SYSTEM POWER: The +5V Power Supply Pin. A 0.1p)F capacitor between Vcc and 
GND is recommended for decoupling. 


SYSTEM GROUND: OV 


G) 
= 
o 
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Functional Description 
INTRODUCTION 


The 82C284 generates the clock, ready, and reset signals 
required for 80C286 processors and support components. 
The 82C284 is packaged in an 18-pin DIP and contains a 
crystal controlled oscillator, clock generator, peripheral 
clock generator, MULTIBUS® ready synchronization logic, 
and system reset generation logic. 


CLOCK GENERATOR 


The CLK output provides the basic timing control for an 
80C286 system. CLK has output characteristics sufficient 
to drive CMOS devices. CLK is generated by either an 
internal crystal oscillator, or an external source as selected 
by the F/C input pin. When F/C is LOW, the crystal 
oscillator drives the CLK output. When F/C is HIGH, the EFI 
input drives the CLK output. 


The F/C pin on the Harris 82C284 is dynamically 
switchable. This allows the CLK frequency to the processor 
to be changed from one frequency to another in a run- 
ning system. With this feature, a system can be designed 
which operates at maximum speed when needed, and 
then dynamically switched to a lower frequency to 
implement a low-power mode. The lower frequency can be 
anything down to, but excluding, D.C. The following 3 
conditions apply when dynamically switching the F/C pin 
(see Figure 1): 


1) The CLK is stretched in the low portion of the 2 
phase of it’s cycle during transition from one CLK 
frequency to the other (see Waveforms). 


#1 


CLK 


PCLK 


x1 


$2 $1 $2 
(1) 
iy lo / 
F/C VSO 
@) 


2) When switching CLK frequency sources, there is a 
maximum transition latency of 2.5 clock cycles of 
the frequency being switched to, from the time CLK 
freezes low, until CLK restarts at the new frequency 
(see Waveforms). 


3) The maximum latency from the time F/C is 
dynamically switched, to the time CLK freezes low, 
is 4 CLK cycles (see Waveforms). 


The following steps describe the sequence of events that 
transpire when F/C is dynamically switched: 


(A) F/C switched from high (using EFI input) to low (using 
the crystal input X1 - see Figure 1A). 


1) The state of F/C is sampled when both CLK and 
PCLK are high until a change is detected. 


2) On the second following falling edge of PCLK, CLK 
is frozen low. 


3) CLK restarts at the crystal frequency on the rising 
edge of X1, after the second falling edge of X1. 


(B) F/C switched from low (using the crystal input X1) to 
high (using the EFI input - see Figure 1B). 


1) The state of F/C is sampled when both CLK and 
PCLK are high until a change is detected. 


2) On the second following falling edge of PCLK, CLK 
is frozen low. 


3) CLK restarts at the EFI input frequency on the falling 
edge of EFI after the second rising edge of EFI. 


o1 ¢2 


(A) F/C SWITCHED FROM HIGH (USING EFI INPUT) TO LOW (USING THE CRYSTAL INPUT X1) 


$1—'+— $2 


. % 
$2 
PCLK . _ @) 
F/C 
EFI @ 


(B) F/C SWITCHED FROM LOW (USING THE CRYSTAL INPUT X1) TO HIGH (USING THE EFI INPUT) 


FIGURE 1. DYNAMICALLY SWITCHING THE F/C PIN 
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The 82C284 provides a second clock output, PCLK, for 
peripheral devices. PCLK is CLK divided by two. PCLK has 
a duty cycle of 50% and CMOS output drive characteristics. 
PCLK is normally synchronized to the internal processor 
clock. 


After reset, the PCLK signal may be out of phase with the 
internal processor clock. The $1 and SO signals of the first 
bus cycle are used to synchronize PCLK to the internal 
processor clock. The phase of the PCLK output changes by 
extending its HIGH time beyond one system clock (see 
Waveforms). PCLK is forced HIGH whenever either SO or 
Si were active (LOW) for the two previous CLK cycles. 
PCLK continues to oscillate when both SO and S71 are 
HIGH: 


Since the phase of the internal processor clock will not 
change except during reset, the phase of PCLK will not 
change except during the first bus cycle after reset. 


OSCILLATOR 


The oscillator circuit of the 82C284 is a linear Pierce 
oscillator which requires an external parallel resonant, 
fundamental mode, crystal. The output of the oscillator is 
internally buffered. The crystal frequency chosen should be 
twice the required internal processor clock frequency. The 
crystal should have a typical load capacitance of 32pF. 


X1 and X2 are the oscillator crystal connections. For stable 
operation of the oscillator, two loading capacitors are 
recommended, as shown in Table 2. The sum of the board 
capacitance and loading capacitance should equal the 
values shown. It is advisable to limit stray board 
capacitances (not including the effect of the loading 
capacitors or crystal capacitance) to less than 10pF 
between the X1 and X2 pins. Decouple Vcc and GND as 
close to the 82C284 as possible with a O.1yF 
polycarbonate capacitor. 


TABLE 2. 82C284 CRYSTAL LOADING CAPACITANCE 
VALUES 


C1 C2 


CRYSTAL CAPACITANCE CAPACITANCE 
FREQUENCY (PIN 7) (PIN 8) 


CLK TERMINATION 


Due to the CLK output having a very fast rise and fall time, it 
is recommended to properly terminate the CLK line at 
frequencies above 10MHz to avoid signal reflections and 
ringing. Termination is accomplished by inserting a small 
resistor (typically 10-740) in series with the output, as 
shown in Figure 2. This is known as series termination. The 
resistor value plus the circuit output impedance (approxi- 
mately 252) should be made equal to the impedance of the 
transmission line. 


CLOSELY 
PLACED 


CLOSELY 
PLACED 


FIGURE 2. SERIES TERMINATION 


RESET OPERATION 


The reset logic provides the RESET output to force the 
system into a known, initial state. When the RES input is ac- 
tive (LOW), the RESET output becomes active (HIGH), RES 
is synchronized internally at the falling edge of CLK before 
generating the RESET output (see Waveforms). 
Synchronization of the RES input introduces a one or two 
CLK delay before affecting the RESET Output. 


At power up, a system does not have a stable Vcc and 
CLK. To prevent spurious activity, RES should be 
asserted until Vcc and CLK stabilize at their operating 
values. 80C286 processors and support components also 
require their RESET inputs be HIGH a minimum of 16 CLK 
cycles. An RC network, as shown in Figure 3, will keep RES 
LOW long enough to satisfy both needs. 


A Schmitt trigger input with hysteresis on RES assures a 
single transition of RESET with an RC circuit on RES. The 
hysteresis separates the input voltage level at which the 
circuit output switches from HIGH to LOW from the input 
voltage level at which the circuit output switches from LOW 
to HIGH. The RES HIGH to LOW input transition voltage is 
lower than the RES LOW to HIGH input transition voltage. 
As long as the slope of the RES input voltage remains in the 
same direction (increasing or decreasing) around the RES 
input transition voltage, the RESET output will make a single 
transition. 


VCC 


FIGURE 3. TYPICAL RC RES TIMING CIRCUIT 


READY OPERATION 


The &2C284 accepts two ready sources for the system 
ready signal which terminates the current bus cycle. Either 
a synchronous (SRDY) or asynchronous ready (ARDY) 
source may be used. Each ready input has an enable 
(SRDYEN and ARDYEN) for selecting the type of ready 
source required to terminate the current bus cycle. An 
address decoder would normally select one of the enable 
inputs. 
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READY is enabled (LOW), if either SRDY + SRDYEN = 0 or 
ARDY + ARDYEN = O when sampled by the 82C284 
READY generation logic. READY will remain active for at 
least two CLK cycles. 


The READY output has an open-drain driver allowing 
other ready circuits to be wire or’ed with it, as shown in 
Figure 4. The READY signal of an 80C286 system 
requires an external pull-up resistor. To force the READY 
signal inactive (HIGH) at the start of a bus cycle, the 


80C286 
CPU OR 
SUPPORT 

COMPONENT 


READY 


of vo 


SEE TABLE 2 ¢ 
FOR CAPACITOR cc 
VALUES DECOUPLING 
b CAPACITOR 


FIGURE 4. RECOMMENDED CRYSTAL AND 
READY CONDITIONS 


| Ts | 


CLK 


PCLK 


SRDYEN | as 
MMM 


SS 


READY 


CLK 


ae 


READY 


READY output floats when either S1_ or 


Vas 


yo 
A 


SO are 
sampled LOW at the faliing edge of CLK. Two system clock 
periods are allowed for the pull-up resistor to pull the 
READY signal to Vjy. When RESET is active, READY is 
forced active one CLK later (see Waveforms). 


Figure 5 illustrates the operation of SRDY and SRDYEN. 
These inputs are sampled on the falling edge of CLK when 
S1 and SO are inactive and PCLK is HIGH. READY is forced 
active when both SRDY and SRDYEN are sampled 
as LOW. 


Figure 6 shows the operation of ARDY and ARDYEN, These 
inputs are sampled by an internal synchronizer at each fall- 
ing edge of CLK. The output of the synchronizer is then 
sampled when PCLK is HIGH. If the synchronizer 
resolved both the ARDY and ARDYEN as active, the SRDY 
and SRDYEN inputs are ignored. Either ARDY or ARDYEN 
must be HIGH at the end of Ts, therefore at least one wait 
state is required when using the ARDY and ARDYEN inputs 
as a basis for generating READY. 


READY remains active until either S1 or SO are 
sampled LOW, or the ready inputs are sampled as inactive. 


! a. — At 


FIGURE 6. ASYNCHRONOUS READY OPERATION 
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Specifications 82C284 


Absolute Maximum Ratings Reliability Information 

Supply VOlage sects is. ceweias ewes cea eae ss eae eines +8.0V Thermal Resistance Gia Big 
Input, Output, or I/O Voltage Applied ... GND - 0.5V to Vcc + 0.5V Ceramic DIP Package........ 88.0°C/W 27.0°C/W 
Storage Temperature Range ..............06- -65°C to+150°9C Maximum Package Power Dissipation at +125°C 

Junction Temperature ....... ccc cece cee es cece cesees +175°C Ceramic DIP Package... ..... cc ccccscesccceccnceces 570mW 
Lead Temperature (Soldering, 10 Sec)........... ccc eees +300°C Gate Count ............. ee eee ea Seeds Cen eeaeasees 200 Gates 
ESD Classification os ss cssdecccicectavesseadsaescensbes Class 2 


CAUTION: Stresses above those listed in the Absolute Maximum Ratings may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operations sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range: Operating Supply Voltage ........... ccc eece noes +4,5V to +5.5V 
CBAC 284 i ne ceteeae hess Caw wee eee kee eke es O°C to+70°C ~— EFI Rise Time (from 0.8V to 3.2V) ....... cee cece ween eee 8ns (Max) 
BZ 266s ise eect dl eet se Gees ina Ces eens -40°C to+85°C ~—_— EFI Fall Time (from 3.2V to O.8V) ......... 0. cece eee eees 8ns (Max) 


D.C. Electrical Specifications T, = 0°C to +70°C (CD82C284); Voc = 5V + 10% 
Ta = -40°C to +85°C (ID82C284) 


[evmsox [__raraweren —<_wN | wax | uns |  TESTCONDITINS 
Ta [wowcowvowce «| - | oe |v |voomay 
[vm | wouwicrvowse —*|_2e | - |v |voonsy 

ViHC EFI, F/C Input HIGH Voltage Laer 


Active Power Supply Current 


NOTES: 1. ICCOP measured at 10MHz for the 82C284-10 and at 12.5MHz 2. Interchanging of force and sense conditions is permitted. 
for the 82C284-12. VIN = GND or VCC, VCC = 5.5V, outputs 
unloaded. . ; 


CAUTION: These devices are sensitive to electronic discharge. Proper |.C. handling procedures should be followed. | 
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A.C. Electrical Specifications T, = 0°C to +70°C (CD82C284); Voc = 5V + 10% 
Ta = -409C to +85°C (ID82C284) 
A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Waveforms, 


Unless Otherwise Noted. 


SYMBOL PARAMETER 


EFI LOW Time 
EFI HIGH Time 


5A Status Setup Time for Status 


Going Active 


Status Setup Time for Status 
Going Inactive 

Status Hold Time 

t7 F/C Setup Time 


F/C Hold Time 


SRDY or SRDYEN Setup Time 


t10 SRDY or SRDYEN Hold Time 


t11 ARDY or ARDYEN Setup Time 


t12 ARDY or ARDYEN Hold Time 
RES Setup Time 


114 RES Hold Time 


—_ 


I | —t _ —_ 


t16 CLK Period 


t17 CLK LOW Time 


t18 CLK HIGH Time 16 


Bs) 
m 
> 
Oo 
< 
5 
ry) 
Q 
ce 
o 
| | 
© 
7 
< 


t22 READY Active Delay 
123 , | 
t24 


N 


RESET Delay 


t25 PCLK LOW Time t16 


PCLK HIGH Time t16 


5 
2) 
oe 
A 
o 
By 

< 


NOTES: 
1. VCC = 4.5V and 5.5V unless otherwise specified. CLK loading: 
Cy = 100pF. 


2. With the internal crystal! oscillator using recommended crystal and 
capacitive loading; or with the EFI input meeting specifications t, and to. 
The recommended crystal loading for CLK frequencies of 8MHz to 
20MHz are 25pF from pin X1 to ground, and 15pF from pin X2 to 
ground; for CLK frequencies from 20MHz to 25MHz the recommended 
loading is 15pF from pin X1 to GND, and 15pF from pin X2 to GND. 
These recommended values are + 5pF and include all stray capaci- 
tance. Decouple Voc and GND as close to the 82C284 as possible. 


3. This is an asynchronous input. This specification is given for testing 
purposes only, to assure recognition at a specific CLK edge. 


= 
o 


for) 


aA 


ai 
Eel 
ona 
— 
= 
ee 
ee 
ae 
<a 
= 
ml 
ae 
= 
a 
a 


-_ 


aaa 
Test Condition 2 


CL = 75pF (Note 5) 
C. = 75pF (Note 5) 


4. The pull-up resistor value for the READY pin is 6202 with the rated 
150pF load. 


5. tyg refers to any allowable CLK period. 


_ 
ww 


y \ _ _ a 


1 


@ 


1°) 


t16 


t16 


6. When using a crystal with the recommended capacitive loading, CLK 
output HIGH and LOW times are guaranteed to meet 80C286 require- 
ments. 


7. Measured from 1.0V on the CLK to 0.8V on the RES waveform for RES 
active, and to 4.2V on the RES waveform for RES inactive. 


8. Input test waveform characteristics: Vi = OV, Vipy = 4.5V. 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedure should be followed. 
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Specifications 82C284 


UNTESTED SPECIFICATIONS 


SYMBOL PARAMETER CONDITIONS (Note 1) 
CIN Input Capacitance : FREQ = 1MHz, All measurements are 
: referenced to device GND, Ta = +259C 
t15A EFI HIGH to CLK (Note 2) 
LOW Delay 


HIGH Delay 
20 | cunrantine 


NOTES: 1. The parameters listed in this table are controlled via design or 2. Measured from 3.2V on the EFI waveform to 1.0V on the CLK. 


process parameters and are not directly tested. These 3. Weasured from 0.8V on the EFI waveform to 3.6V on the CLK. 
parameters are characterized upon initial design and after major ; 
process and/or design changes. 4. Measured from 3.6V on the X1 input to 3.6V on the CLK. 


A.C. Specifications A.C. Test Condition 


A.C. DRIVE, SETUP, HOLD AND DELAY TIME MEASUREMENT POINTS 


3.8V 


Vcc 
0.4V RL 
DEVICE 
OUTPUT 
CL 


3.2V 


EFI INPUT 


CLK 
OUTPUT 


F/C 
INPUT 


75pF 


RES 
INPUT 


OTHER 
DEVICE 
INPUT 


t DELAY (max) 
t DELAY (min) «— 


DEVICE 
OUTPUT 


CAUTION: These devices are sensitive to electronic discharge. Proper |.C. handling procedures should be followed. 
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Waveforms CLK AS A FUNCTION OF EFI 


EFI 


CLK 


NOTE: The EFI input LOW and HIGH times as shown are required to 
guarantee the CLK LOW and HIGH times shown. 


RESET AND READY TIMING AS A FUNCTION OF RES 
WITH $1, S0, ARDY + ARDYEN, AND SRDY + SRDYEN HIGH 


CLK 
RES 
Depends on VY previous 
RESET bePState ot nes / 

——_—__. ”) 
READY ol 
< 
nO x 
NOTE: This is an asynchronous input. The setup and hold times shown S. ut 
are required to guarantee the response shown. q) a. 
cc 
iu 
oW 


READY AND PCLK TIMING WITH RES HIGH 


«—— Tg 
-1 $2 


oa 


NDEFINEDYIF 
PCLK FIRST BUSACYCLE 


SRDY 
: + 
SRDYEN 


ARDY 
+ 


ee le) i S 


READY NOTE 2 


mane 


NOTES: 1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response 
shown. 


2. If SRDY + SRDYEN or ARDY + ARDYEN are active before and/ or during the first bus cycle after RESET, 
READY may not be deasserted until the falling edge of 2 of Ts. 
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Waveforms (Continued) CLK AS A FUNCTION OF F/C, PCLK, X1, AND EFI 
DURING DYNAMIC FREQUENCY SWITCHING 


ot $2 et — $2 $1 pie 2 


NOTE: This is an asynchronous input. The setup and hold times are required to guarantee the response shown. 
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FARRIS 


SEMICONDUCTOR 


82C284/883 


Clock Generator and Ready Interface 


February 1992 


Features 


Pinout 


This Circuit is Processed in Accordance to Mil-Std-883 and is 
Fully Conformant Under the Provisions of Paragraph 1.2.1. 


Generates System Clock for 80C286 Processors 


Generates System Reset Output from Schmitt Trigger Input 

- Improved Hysteresis 

Uses Crystal or External Signal for Frequency Source 

- Dynamically Switchable Between Twe foput Frequencies 
Provides Local READY and MULTIBUS'~ READY Synchroniza- 
tion 

Static CMOS Technology 

Single +5V Power Supply 


Available in 18 Lead Cerdip Package 


82C284/883 (CERAMIC DIP) 
TOP VIEW 


Functional Diagram 


for 80C286 Processors 


Description 


The Harris 82C0284/883 is a clock generator/driver 
which provides clock signals for 80C286 proces- 
sors and support components. It also contains logic 
to supply READY to the CPU from either asynchro- 
nous or synchronous sources and synchronous 
RESET from an asynchronous input with hystere- 
sis. 


CMOS 
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RESET 


RES JA RESET 
SYNCHRONIZEF 
x1 
X2 ° CLK 
EFI 
F/C 
ARDYEN Ty H{SYNcHRONIZEF 
SROYEN ee ae 
SRDY READY 
s1 
so PCLK 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2968 


Copyright © Harris Corporation 1992 
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Specifications 82C284/883 


Absolute Maximum Ratings 


SUDpPIY VONAGE ose sesso sete sien kee een te eeaesee’ +8.0V 
Input, Output or 1/O Voltage Applied...... GND-0.1V to VCC+1.0V 
Storage Temperature Range ................ . ~65°C to +150°C 
_Junction Temperature ..:.......... i etonerasia eptaatan geeks +1759C 
Lead Temperature (Soldering 10 sec).......... 0 cece eee +300°C 
ESD Classification .......cccccccscccsocccsecesscsevees Class 2 


Reliability Information 


Thermal Resistance Gia Vic 
Ceramic DIP Package ............se06- 88.0°C/W 27.0°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ........cccccccceccceccecececs 570mW 
Gate Count eca5 . 264 ies Soo tee ee rie ees eae 200 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range ............... -559C to +1259C 
Operating Supply Voltage ......... cc cece eee +4.5V to +5.5V 


EFI Rise Time (From 0.8V to 3.2V).... 0. cee cee eee eens 8ns (Max) 
EFI Fall Time (From 3.2V to 0.8V)........ hada dao eane 8ns (Max) 


TABLE 1. 82C284/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL CONDITIONS 


Input LOW Voltage VCC = 4.5V 
Input HIGH Voltage VCC = 5.5V 


READY Output LOW 
Voltage 


CLK Output HIGH VOHC 1OH = -5mA, 
Voltage at VCC = 4.5V, Note 2 


Active Power Supply ICCOP 


Current 


82C284-10/883, 
Note 1 


82C284-12/883, 
‘| Note 1 


GROUP A 
SUBGROUPS 
EFI, F/C Input High Volt. | VIHC | VCC=5.5V | 423 |-s5°c<tasti2sec| 32 | - | 


RES HIGH Voltage VIHR VCC = 5.5V -55°9C <Ta< +1259C | VCC 
- 0.8 
23 |-ssec< oe ee 
RESET, PCLK Output VOL IOL = 5mA, -559C <Ta, < +125°9C Vv 
LOW Voltage VCC = 4.5V, Note 2 
: 4 


Input Leakage Current We VIN = GND or VCC, ~559C <Ta<+1259C} -10 10 yA 
VCC = 5.5V 


TEMPERATURE 


-559C < Ta < +1259C 
-559C < Ta < +1259C 


-55°C <Ta < +1250C 


-550C < Ta < +1250C oa 
-550C <Ta <+1250C oa 
~55°C <Ta < +125°C 

-0.4 


-550C < Ta < +1250C ia 


NOTES: 1. ICCOP measured at 10MHz for. the 82C284-10/883 and at 12.5MHz for the 82C284-12/883. VIN = GND or VCC, VCC = 5.5V, outputs 


unloaded. 5 
2. Interchanging of force and sense conditions is permitted. 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 2. 82C284/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. A.C. timings are referenced to 0.8V and 2.0V points of the signals as illustrated in datasheet 


waveforms, unless otherwise specified. 
82C284/883 
moray. || ekeuen | tOMHz | 12MHz 


CONDITIONS |SUBGROUPS| TEMPERATURE | min | MAX | MIN. | MAX | UNITS 


At VCC/2, Note 8 9,10,11 |-55°C <Tp, < +125°C | 20 | - | 2 | - | ne | 


PARAMETER |SYMBOL 


EFI LOW Time t 
EFI HIGH Time t 


RES Setup Time Notes 3, 7 910,11 |-55°C <Ta<+125°C | 20 | 


CMOS 
PERIPHERALS 


RES Hold Time Notes 3, 7 9, 10, 11 ~-559C <Ta<+1259C | 1 


CLK Period 


Notes 2,6 


9,10,11 |-55°C <Ta <+1250C 
Notes 2, 6 9,10,11 |-55°C <Ta < +125°C 


At 0.8V. Note 4, 9,10,11 |-55°C <Ta < +1259C 
Test Condition 2 
At 0.8V. Note 4, 9,10,11 |-55°C <Ta < +125°C Ps 


Status Setup Time t5 9, 10, 11 
for Status 

Going Active 

Status Setup Time 9, 10, 11 
for Status 

Going Inactive 

SRDY or SRDYEN 9, 10, 11 
Setup Time 

SRDY or SRDYEN 9, 10, 11 
Hold 

ARDY or ARDYEN Note 3 9, 10, 11 
Setup Time 


Tim 
CLK LOW Period 
CLK HIGH Time 
READY Inactive 
Delay 
READY Active 
Delay 

ay 


e 
ARDY or ARDYEN Note 3 9, 10, 11 -559C < Ta < +1259C 30 
Hold Time 
H 
In 
el < 


PCLK D CL = 75pF, 9, 10, 11 -§59C <Ta <+1259C 
Test Condition 1 
RESET Delay CL =75pF, 9, 10, 11 -§59C <Ta < +125°C 
Test Condition 3 
PCLK LOW Time CL = 75pF, 9, 10, 11 -55°C <Ta<+1259C | t16- 
Note 5 10 
PCLK HIGH Time t26 CL = 75pF, 9, 10, 11 ~559C <Ta <+1259C | ti6- 
Note 5 10 


NOTES: 1. VCC = 4.5V and 5.5V unless otherwise specified. CLK loading: CL = 100pF. 

2. With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFI input meeting specifications t1 and t2. The 
recommended crystal loading for CLK frequencies of 8MHz to 2OMHz are 25pF from pin X1 to GND, and 15pF from pin X2 to GND; for CLK 
frequencies from 20MHz to 25MHz the recommended loading is 15pF from pin X1 to GND, and 15pF from pin X2 to GND. These recommended 
values are +5pF and include all stray capacitance. Decouple VCC and GND as close to the 82C 284/883 as possible. 


1 
2 
A 
t 
t10 
t11 
t12 
t13 
t14 
t16 
t17 
t18 
t21 
t22 
t23 
t24 
t25 


1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 


. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK edge. 

. The pull-up resistor value for the READY pin is 6200 with the rated 150pF load. 

. t16 refers to any allowable CLK period. 

. When using a crystal with the recommended capacitive loading, CLK output HIGH and LOW times are guaranteed to meet 80C 286 requirements. 
. Measured from 1.0V on the CLK to 0.8V on the RES waveform for RES active, and to 4.2V on the RES waveform for RES inactive. 

. Input test waveform characteristics: VIL = 0.0V, VIH = 4.5V. 


DON OOM Lk WH 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 3. 82C284/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


82C284/883 
tomHz | 12.5MHz 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE i [ UNITS 
oem maracence FREQ = 1MHz, All | Ta= +250C 
measurements are 
referenced to device 
GND 


EFI HIGH to CLK t15A -559C < Ta <+1259C 

LOW Delay 

EFI LOW to CLK ~55°9C < Ta <+1259C 

HIGH Delay 

CLK Rise Time 1.0V to 3.6V, -559C <Ta < +1259C 
CL = 100pF 

CLK Fall Time 3.6V to 1.0V, “55°C <Ta <+1259C 
CL = 100pF 


cence] ~ fe [= [@ |= 


NOTES: 1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design and after major process and/or design changes. 


2. Measured from 3.2V on the EF! waveform to 1.0V on the CLK. 
3. Measured from 0.8V on the EFI waveform to 3.6V on the CLK. 
4. Measured from 3.6V on the X1 input to 3.6V on the CLK. 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS |__MeTHoD | SUBGROUPS 


PDA ee 


Final Test 2,8, 8A, 8B, 10,11 


CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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A.C. Specifications (Continued) 


82C284/883 


A.C. DRIVE, SETUP, HOLD AND DELAY TIME MEASUREMENT POINTS 


3.2V 
EFI INPUT 


CLK 
OUTPUT 


F/G 
INPUT 


RES 
INPUT 


OTHER 
DEVICE 
INPUT 


DEVICE 
OUTPUT 


A.C. Test Condition 
VCC 


RL 


DEVICE 
OUTPUT 


CL 


t DELAY (max) 
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3.8V 


0.4V 


VCC - 0.4V 


3.6V 


1.0V 


tHOLD 


0.4V 


3.8V 


0.4V 


VCC - 0.4V 


0.4V 


2.6V 


0.4V 
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82C284/883. 


Waveforms CLK AS A FUNCTION OF EFI 


EFI 


CLK 


NOTE: The EFI input LOW and HIGH times as shown are required to 
guarantee the CLK LOW and HIGH times shown. 


RESET AND READY TIMING AS A FUNCTION OF RES 
WITH S1, $0, ARDY + ARDYEN, AND SRDY + SRDYEN HIGH 


RES 


Depends on Yprevious 
RESET state of ARES 


READY 


NOTE: This is an asynchronous input. The setup and hold times shown 
are required to guarantee the response shown. . 


READY AND PCLK TIMING WITH RES HIGH 


Te 


ee Ts 


P2 
~ Sceall 
Si* SO 
foe od Fel 
PCLK Cities Cela ie, @) a 
SRBV a 
+ 


SRDYEN 


ARDY 
+ 


ARDYEN 


READY 


NOTES: 1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response 
shown. 


2. If SRDY + SRDYEN or ARDY + ARDYEN are active before and/ or during the first bus cycle after RESET, 
READY may not be deasserted until the falling edge of o2 of Ts. 
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Waveforms (Continued) CLK AS A FUNCTION OF F/C, PCLK, X1, AND EFI! 
DURING DYNAMIC FREQUENCY SWITCHING 


poe $2 o1 $2 o1 $2 


CLK 


NOTE: This is an asynchronous input. The setup and hold times are required to guarantee the response shown. 
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82C284/883 


Burn-In Circuit 


18 PIN CERAMIC DIP 


R1 
F7 7 8 Were 
R1_ R1 
FS B Fé 
R1 R1 
F6 3 | 16) tr 
R1 R1 
VCC/ 2 4 | 15] F10 
R1 R1 
FA G ra] NC 
R1 R1 
F12 Se 3 VCC/ 2 
R1 R1 
FO 12] VCC/ 2 
. R1 R1 
VCC/ 2 8 | 41 F11 
R1 
GND 9 | 410 VCC/ 2 
C1 
vcc 
NOTES: 1. Supply Voltage: VCC = 5.5V, +0.5V, GND = OV , 6. Special requirements: 
Driver Voltage: VIH = 4.5V + 10%, VIL = OV (a) Electrostatic Discharge Sensitive. Proper precautions must 
2. Input Voltage Limits: VIL (Max) = 0.4V, be used when handling units. 
VIH (Min) = 2.6V (b) All power supplies must be at zero volts when the boards are 


inserted into the ovens. After insertion, apply VCC first, then 


3. Component Values: R1 = 47k activate the driver power supplies. 


C1 = 0.1pF (Min) 


4. Oven type and frequency requirements microtest, 
FO through F12 


5. Approximate current per unit. ICC = 0.3mA 


7. Oscilloscope measurements: To be on loaded boards before 
insertion into the oven. 


Packaging 
18 PIN CERAMIC DIP 


2140 . 285 
.005 MIN 170 | 305 | 


.200 MAX 
015, 150 MIN 
060 a 
125 .098 MAX a 
180 100 
BSC 
* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
- SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: 
MATERIALS: Compliant to Mil-M-38510 Mil-Std-1835, GDIP1-T18 


Mio 


, Dimensions are in inches. 
Max 


NOTE: All Dimensions are 
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Metallization Topology 


DIE DIMENSIONS: 
63 x 69 x 19 + 1 mils 


METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 8kA 
GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA 
DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 
2 x 105 A/om2 


LEAD TEMPERATURE (10 Seconds Soldering): < 300°C 


Metallization Mask Layout 
82C284/883 


SRDY ARDY vcc ARDYEN 


SRDYEN 
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NC 


EFI 


ee PCLK 
F/C 


x4 RESET 


X2 GND CLK RES 
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Fon Poth 82C37A 


CMOS High Performance 
February 1992 Programmable DMA Controller 
Features Description 
¢ Compatible with the NMOS 8237A The 82C37A is an enhanced version of the industry standard 


¢ Four Independent Maskable Channels with Autoinitial- 


8237A Direct Memory Access (DMA) controller, fabricated 
using Harris’ advanced 2 micron CMOS process. Pin com- 


ization Capability patible with NMOS designs, the 82C37A offers increased 

¢ Cascadable to any Number of Channels functionality, improved performance, and _ dramatically 
reduced power consumption. The fully static design permit 

* High Speed Data Transfers: Ee P ee ee onan 


- Up to 4 MBytes/sec with 8MHz Ciock 


gated clock operation for even further reduction of power. 


- Up to 6.25 MBytes/sec with 12.5MHz Clock The 82C37A controller can improve system performance by 


Static CMOS Design Permits Low Power Operation 
- ICCSB = 10LA Maximum 


allowing external devices to transfer data directly to or from 


Memory-to-Memory Transfers system memory. Memory-to-memory transfer capability is 


also provided, along with a memory block initialization fea- 
ture. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable 


- ICCOP = 2mA/MHz Maximum with a variety of features for flexible operation. 
e Fully TTL/CMOS Compatible The 82C37A is designed to be used with an external 


e internal Registers may be Read from Software 


address latch, such as the 82C82, to demultiplex the most 
significant 8 bits of address. The 82C37A can be used with 
industry standard microprocessors such as 80C 286, 80286, 
80C86, 80C88, 8086, 8088, 8085, Z80, NSC800, 80186 and 
others. Multimode programmability allows the user to select 
from three basic types of DMA services, and reconfiguration 
under program control is possible even with the clock to the 
controller stopped. Each channel has a full 64K address and 
word count range, and may be programmed to autoinitialize 
these registers following DMA termination (end of process). 


Ordering Information 


Plastic DIP 


PLCC 


Ceramic DIP 


TEMPERATURE 
RANGE 


i 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2967 


Copyright © Harris Corporation 1992 
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Pinouts 


40 LEAD DIP 
TOP VIEW 


(GND) Vgs | 20] 


Block Diagram 


EOP +0 
RESET ———»> 
cS—»o 
READY ———» 


TIMING 
CLOCK ——»> AND 


AEN CONTROL 


ADSTB 
MEMR O 
MEMW O 


iOR«+>O 


iow +0 


DREQO -_4._.T PRIORITY 


DREQ3 ENCODER 
HLDA=> AND 

HRQ ROTATING 

DACKO- _ 4, | PRIORITY 


82C37A 


44 LEAD LCC/PLCC 
TOP VIEW 


40} a7 
[39] a6 
faa] As 
37] A4 pce 

aes N.C. 

EOP 

HLDA 
35} 43 ADSTB 
34] A2 
AEN 

n HRQ 

2| AO Gs 

Vcc CLK 
130] DBO RESET 
29] DB1 DACK2 

DB2 N.C. 

DB3 
26] DB4 23656240 o 

Ow ww WwW @o a Q 

25] DACKo S885 5 


DECREMENTOR INC DECREMENTOR 
TEMP WORD TEMP ADDRESS 
COUNT REG (16) REG (16) 


16 BIT BUS 


16 BIT BUS 


READ BUFFER READ WRITE BUFFER 


eee. | 
WRITE READ 
BUFFER BUFFER 


INTERNAL DATA BUS 


ADDRESS 


COMMAND 
CONTROL 
COMMAND 
bead ore 
oo Ky] 85 Pa 
Oo STATUS O Y 
REQUEST MODE TEMPORAR 
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TABLE 1. 


TYPE DESCRIPTION 


VCC: is the +5V power supply pin. A 0.1uF capacitor between pins 31 and 20 is recommended 
for decoupling. 


PIN 


SYMBOL | NUMBER 


G) 


a5 Oo < 
| oO wo ro} QO 3S 
; ca | ; . : 


ND 


CLOCK INPUT: The Clock Input is used to generate the timing signals which control 82C37A 
operations. This input may be driven from DC to 12.5MHz for the 82C37A-12, from DC to 8MHz 


for the 82C37A, or from DC to 5MHz for the 82C37A-5. The Clock may be stopped in either state 
for standby operation. 


CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus 
for CPU communications. 


RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set 
to ignore requests. Following a Reset, the controller is in an idle cycle. 


RESET 


READY 


READY: This signal can be used to extend the memory read and write pulses from the 82C37A to 
accommodate slow memories or I/O devices. Ready must not make transitions during its 
specified set-up and hold times. See Figure 14 for timing. Ready is ignored in verify transfer mode. 


HLDA HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the 


rising edge of clock, during which time HLDA must not transition. 


-DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line ofa 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is program- 
mable. Reset initializes these lines to active high. DREQ must be maintained until the correspond- 
ing DACK goes active. DREQ will not be recognized while the clock is stopped. Unused DREQ 
inputs should be pulled High or Low (inactive) and the corresponding mask bit set. 


DREQO- 
DREQ3 


= 
O 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the I/O Read to output the contents 
of a register to the CPU. The outputs are disabled and the inputs are read during an I/O Write 
cycle when the CPU is programming the 82C37A control registers. During DMA cycles, the most 
significant 8 bits of the address are output onto the data bus to be strobed into an external latch 
by ADSTB. In memory-to-memory operations, data from the memory enters the 82C37A on the 
data bus during the read-from-memory transfer, then during the write-to-memory transfer, the 
data bus outputs write the data into the new memory location. 


/O 1/O READ: I/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to read the control registers. In the Active cycle, it is an output 


control signal used by the 82C37A to access data from a peripheral during a DMA Write transfer. 


/O 1/O WRITE: I/O Write is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to load information into the 82C37A. In the Active cycle, it is an 


output control signal used by the 82C37A to load data to the peripheral during a DMA Read transfer. 


END OF PROCESS: End. of Process (EOP) is an active low bidirectional signal. Information 
concerning the completion of DMA services is available at the bidirectional EOP pin. 


1/0 


The 82C37A allows an external signal to terminate an active DMA service by pulling the EOP pin 
low. A pulse is generated by the 82C37A when terminal count (TC) for any channel is reached, 
except for channel 0 in memory-to-memory mode. During memory-to-memory transfers, EOP 
will be output when the TC for channel 1 occurs. 


The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up 
resistor to VCC. 


When an EOP pulse occurs, whether internally or externally generated, the 82C37A will terminate 
the service, and if autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for autoinitialize. In that case, the mask bit 
remains clear. 


4-178 


82C37A 


Pin Description 


TABLE 1. 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 
AO-A3 32-35 VO ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 82C37A to address the control register to be loaded or 
read. In the Active cycle, they are outputs and provide the lower 4 bits of the output address. 
A4-A7 37-40 oe ADDRESS: The four most significant address lines are three-state outputs and provide 4 bits of 


address. These lines are enabled only during the DMA service. 
tate 


HOLD REQUEST: The Hold Request (HRQ) output is used to request control of the system bus. 
DACKO- 14,15 
DACK3 24,25 


When a DREQ occurs and the corresponding mask bit is clear, or a software DMA request is 
made, the 82C37A issues HRQ. The HLDA signal then informs the controller when access to the 
system busses is permitted. For stand-alone operation where the 82C37A always controls the 
busses, HRQ may be tied to HLDA. This will result in one SO state before the transfer. 


DMA ACKNOWLEDGE: DMA acknowledge is used to notify the individual peripherals when one 
has been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to 
active low. 


ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 


ADDRESS STROBE: This is an active high signal used to control latching of the upper address 
byte. It will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be up- 
dated, thus speeding operation through elimination of S1 states. ADSTB timing is referenced to the 
falling edge of the 82C37A clock. 


MEMR 3 MEMORY READ: The memory Read signal is an active low three-state output used to access 
data from the selected memory location during a DMA Read or a memory-to-memory transfer. 


MEMORY WRITE: The Memory Write is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a memory-to-memory transfer. 


| onc {[ 5 [| NO CONNECT: Pin 5 is open and should not be tested for continuity. 
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Functional Description 


The 82C37A direct memory access controller is designed 
to improve the data transfer rate in systems which must 
transfer data from an I/O device to memory, or move a block 
of memory to an I/O device. It will also perform memory-to- 
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided 
to handle single byte transfers as well as discontinuous 
data streams, which allows the 82C37A to control data 
movement with software transparency. 


The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string instruc- 
tions. Memory-to-memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so memory-to-memory 
transfers take place at less than half the rate of I/O 
operations, but still much faster than with central processor 
techniques. The maximum data transfer rates obtainable 
with the 82C37A are shown in Figure 1. 


The block diagram of the 82C37A is shown on page 2. The 
timing and control block, priority block, and _ internal 
registers are the main components. Figure 2 lists the name 
and size of the internal registers. The timing and control 
block derives internal timing from the clock input, and 
generates external control signals. The Priority Encoder 
block resolves priority contention between DMA channels 
requesting service simultaneously. 


82C37A 
TRANSFER TYPE UNIT 


Compressed 2.50 4.00 6.25 MByte/sec 
Normal I/O 1.67 2.67 4.17 MByte/sec 
Memory-to- 0.63 1.00 1.56 MByte/sec 


Memory 


FIGURE 1. DMA TRANSFER RATES 


DMA Operation 


In a system, the 82C37A address and control outputs and 
data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 
address byte. While inactive, the controller’s outputs are ina 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C37A 
drives the busses and generates the control signals to 
perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 
been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 


For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C37A Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
that channel’s Word Count register. The corresponding 
Mode register is programmed for a memory-to-!/O 
operation (read transfer), and various options are selected 
by the Command register and other Mode register bits. The 
channel’s mask bit is cleared to enable recognition of a 
DMA request (DREQ). The DREQ can either be a hardware 
signal or a software command. 


Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous MEMR 
and lOW pulses, and selects an !/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 


16 Bits 


Base Address Registers 


Base Word Count Registers 16 Bits 


Current Address Registers 16 Bits 
16 Bits 


16 Bits 


Current Word Count Registers 
Temporary Address Register 
Temporary Word Count Register 16 Bits 
Status Register 8 Bits 
Command Register 8 Bits 
8 Bits 


6 Bits 


Temporary Register 
Mode Registers 


Mask Register 4 Bits 


Request Register 4 Bits 


FIGURE 2. 82C37A INTERNAL REGISTERS 


To further understand 82C37A operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, active and 
idle. After being programmed, the controller is normally idle 
until a DMA request occurs on an unmasked channel, or a 
software request is given. The 82C37A will then request 
control of the system busses and enter the active cycle. 
The active cycle is composed of several internal states, 
depending on what options have been selected and what 
type of operation has been requested. 
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The 82C37A can assume seven separate states, each 
composed of one full clock period. State | (SI) is the idle 
state. It is entered when the 82C37A has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in Sl, 
the DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 


State O (SO) is the first state of a DMA service. The 82C37A 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C37A may still be programmed 
until it has received HLDA from the CPU. An acknowledge 
from the CPU will signal that DMA transfers may begin. $1, 
S2, S3 and S4 are the working states of the DMA service. If 
more time is needed to complete a transfer than is available 
with normal timing, wait states (SW) can be inserted 
between S3 and S4 in normal transfers by the use of the 
Ready line on the 82C37A. For compressed transfers, wait 
states can be inserted between S2 and S4. See timing 
Figures 14 and 15. 


Note that the data is transferred directly from the I/O device 
to memory (or vice versa) with {OR and MEMW (or MEMR 
and JOW) being active at the same time. The data is not read 
into or driven out of the 82C37A in 1/O-to-memory or 
memory-to-1/O DMA transfers. 


Memory-to-memory transfers require a read-from and a 
write-to memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a 
single transfer. The first four states (S11, S12, S13, S14 are 
used for the read-from-memory half and the last four states 
(S21, S22, S23, S24) for the write-to-memory half of the 
transfer. 


Idle Cycle 


When no channel is requesting service, the 82C37A will 
enter the Idle cycle and perform “SI” states. In this cycle, the 
82C37A will sample the DREQ lines on the falling edge of 
every clock cycle to determine if any channel is requesting a 
DMA service. 


Note that for standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C37A. When CS is low and HLDA is low, the 82C37A 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by 
reading from or writing to the internal registers. 


The 82C37A may be programmed with the clock stopped, 
provided that HLDA is low and at least one rising clock 
edge has occurred after HLDA was driven low, so the 
controller is in an SI state. Address lines AO-A3 are inputs to 
the device and select which registers will be read or written. 
The IOR and IOW lines are used to select and time the read 
or write operations. Due to the number and size of the 
internal registers, an internal flip-flop called the First/Last 
Flip-Flop is used to generate an additional bit of address. 
The bit is used to determine the upper or lower byte of the 
16-bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. Separate software 
commands can also set or reset this flip-flop. 


Special software commands can be executed by the 
82C37A in the Program Condition. These commands are 
decoded as sets of addresses with CS, IOR, and IOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 


Active Cycle 


When the 82C37A is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will issue HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA service will 
take place, in one of four modes: 


Single Transfer Mode - In single transfer mode, the device 
is programmed to make one transfer only. The word 
count will be decremented and the address decremented or 
incremented following each transfer. When the word count 
“rolls over” from zero to FFFFH, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 


DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer, HRQ 
will go inactive and release the bus to the system. It will 
again go active and, upon receipt of a new HLDA, another 
single transfer will be performed, unless a higher priority 
channel takes over. In 8080A, 8085A, 80C88, or 80C86 
systems, this will ensure one full machine cycle execution 
between DMA transfers. Details of timing between the 
82C37A and other bus control protocols will depend upon 
the characteristics of the microprocessor involved. 


Block Transfer Mode - In Block Transfer mode, the device 
is activated by DREQ or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EOP) is encountered. DREQ need only be held active until 
DACK becomes active. Again, an Autoinitialization will 
occur at the end of the service if the channel has been 
programmed for that option. 


Demand Transfer Mode - In Demand Transfer mode the 
device continues making transfers until a TC or external 
EOP is encountered, or until DREQ goes inactive. Thus, 
transfers may continue until the 1/O device has exhausted 
its data capacity. After the 1/O device has had a chance to 
catch up, the DMA service is reestablished by means of a 
DREQ. During the time between services when the 
microprocessor is allowed to operate, the intermediate val- 
ues of address and word count are stored in the 82C37A 
Current Address and Current Word Count registers. Higher 
priority channels may intervene in the demand process, 
once DREQ has gone inactive. Only an EOP can cause an 
Autoinitialization at the end of the service. EOP is generated 
either by TC or by an external signal. 


Cascade Mode - This mode is used to cascade more than 
one 82C37A for simple system expansion. The HRQ and 
HLDA signals from the additional 82C37A are connected to 
the DREQ and DACK signals respectively of a channel for 
the initial 82C37A. This allows the DMA requests of the 
additional device to propagate through the priority network 
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circuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial 82C37A is used only for prioritizing the additional 
device, it does not output an address or control signals of its 
own. These could conflict with the outputs of the active 
channel in the added device. The initial 82C37A will 
respond to DREQ and generate DACK but all other outputs 
except HRQ will be disabled. An external EOP will be 
ignored by the initial device, but will have the usual effect on 
the added device. | 


Figure 3 shows two additional devices cascaded with an 
initial device using two of the initial device’s channels. This 


forms a two-level DMA system. More 82C37As could be 


added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 


2ND LEVEL 


80C86/88 
MICRO - 
PROCESSOR 


82C37A — 
1ST LEVEL | 


HRQ DREQ 
HLDA DACK 


HRQ 


82C37A 


INITIAL DEVICE 82C37A 


ADDITIONAL 
DEVICES 


FIGURE 3. CASCADED 82C37As 


When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device’s mask bits function normally 
on cascaded channels, so they may be used to inhibit 
second-level services. 


Transfer Types 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and 
Verify. Write transfers move data from an I/O device to the 


memory by activating MEMW and IOR. Read transfers | 


move data from memory to an J/O device by activating 
MEMR and !lOW. © 


Verify transfers 
operates as _ in 


are pseudo-transfers. The 82C37A 
Read or Write transfers generating 


addresses and responding to EOP, etc., however the 
memory and 1/O control lines all remain inactive. Verify 
mode is not permitted for memory-to-memory operation. 
Ready is ignored during verify transfers. 


Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically 
restored from the Base Address and Base Word Count 
registers of that channel following EOP. The base registers 
are loaded simultaneously with the current registers by the . 
microprocessor and remain unchanged throughout the 
DMA service. The mask bit is not set when the channel is in 
Autoinitialize mode. Following Autoinitialization, the channel 
is ready to perform another DMA service, without CPU 
intervention, as soon as a valid DREQ is detected, or 
software request made. 


Memory-to-Memory - To perform block moves of data 
from one memory address space to another with minimum 
of program effort and time, the 82C37A includes a memory- 
to-memory transfer feature. Setting bit O in the Command 
register selects channels O and 1 to operate as memory-to- 
memory transfer channels. 


The transfer is initiated by setting the software or hardware 
DREQ for channel 0. The 82C37A requests a DMA service 
in the normal manner. After HLDA is true, the device, using 
four-state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C37A internal Temporary 
register. Another four-state transfer moves the data to mem- 
ory using the address in channel one’s Current 
Address register and incrementing or decrementing it in 
the normal manner. The channel 1 Current Word Count is 
decremented. 


When the word count of channel 1 decrements to FFFFH, 
a TC is generated causing an EOP output, terminating 
the service, and setting the channel 1 TC bit in the Status 
register. The channel 1 mask bit will also be set, unless 
the channel 1 mode register is programmed for 
autoinitialization. Channel 0 word count decrementing to 
FFFFH will not set the channel 0 TC bit in the status register 
or generate an EOP, or set the channel O mask bit in this 
mode. It will cause an autoinitialization of channel 0, if that 
option has been selected. 


If full Autoinitialization for a memory-to-memory operation 
is desired, the channel O and channel 1 word counts must 


_ be set to equal values before the transfer begins. Otherwise, 


if channel O underflows before channel 1, it will autoinitialize 
and set the data source address back to the beginning of 
the block. If the channel 1 word count underflows before 
channel 0, the memory-to- memory DMA service will termi- 
nate, and channel 1 will autoinitialize but channel O will not. 


In memory-to-memory mode, Channel O may be pro- 
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
channel O address hold feature is selected by setting bit 1 in 
the Command register. 


4-182 


82C37A 


The 82C37A will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (i.e., after an 
S24 state). It should be noted that an external EOP cannot 
cause the channel O Address and Word Count registers to 
autoinitialize, even if the Mode register is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channel 1 registers, if so programmed. Data comparators in 
block search schemes may use the EOP input to terminate 
the service when a match is found. The timing of memory- 
to-memory transfers is found in Figure 13. Memory-to- 
memory operations can be detected as an active AEN with 
no DACK outputs. 


Priority - The 82C37A has two types of priority encoding 
available as software selectable options. The first is Fixed 
Priority which fixes the channels in priority order based 
upon the descending value of their numbers. The channel 
with the lowest priority is 3 followed by 2, 1 and the highest 
priority channel, O. After the recognition of any one channel 
for service, the other channels are prevented from interfering 
with the service until it is completed. 


The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from 
the channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses is returned to the processor. 


Rotating Priority 


1st 2nd 3rd 
Service Service Service 
highest O 2 service 3 «service 


1 service 3 «request Oo 
lowest 2 \e 1 


3 1 2 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents any one channel from monopolizing 
the system. 


Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 82C37A. 


Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
82C37A can compress the transfer time to two clock 
cycles. From Figure 12 it can be seen that state S3 is used 
to extend the access time of the read pulse. By removing 
state S3, the read pulse width is made equal to the write 
pulse width and a transfer consists only of state S2 to 
change the address and state S4 to perform the read/write. 
$1 states will still occur when A8-A15 need updating (see 
Address Generation). Timing for compressed transfers is 
found in Figure 15. EOP will be output in S2 if compressed 
timing is selected. Compressed timing is not allowed for 
memory-to-memory transfers. 


Address Generation - In order to reduce pin count, the 
82C37A multiplexes the eight higher order address bits on 


the data lines. State S1 is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C37A 
directly. Lines AO-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between CLK, 
AEN, ADSTB, DBO-DB7 and AO-A7. 


During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a Carry or borrow from A7 to A8 takes place 
in the normal sequence of addresses. To save time and 
speed transfers, the 82C37A executes S1 states only when 
updating of A8-A15 in the latch is necessary. This means 
for long services, S1 states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 


Programming 


The 82C37A will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising clock edge has occurred after HLDA went low. It is 
the responsibility of the host to assure that programming 
and HLDA are mutually exclusive. 


Note that a problem can occur if a DMA request occurs 
on an unmasked channel while the 82C37A is being 
programmed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 when 
channel 1 receives a DMA request. If the 82C37A is 
enabled (bit 2 in the Command register is 0), and channel 1 
is unmasked, a DMA service will occur after only one byte 
of the Address register has been reprogrammed. This 
condition can be avoided by disabling the controller (setting 
bit 2 in the Command register) or masking the channel 
before programming any of its registers. Once the program- 
ming is complete, the controller can be enabled/unmasked. 


After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 


Register Description 


Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. The address is 
automatically incremented or decremented by one after 
each transfer and the values of the address are stored in the 
Current Address register during the transfer. This register is 
written or read by the microprocessor in successive 8-bit 
bytes. See Figure 6 for prograrnming information. It 
may also be reinitialized by an Autoinitialize back to its origi- 
nal value. Autoinitialize takes place only after an EOP. In 
memory-to-memory mode, the channel O Current Address 
register can be prevented from incrementing or 
decrementing by setting the address hold bit in the 
Command register. 
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Current Word Count Register - Each channel has a 
16-Bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e., 
programming a count of 100 will result in 101 transfers). 
The word count is decremented after each transfer. When 
the value in the register goes from zero to FFFFH, a TC will 
be generated. This register is loaded or read in successive 
8-bit bytes by the microprocessor in the Program 
Condition. See Figure 6 for programming information. 
Following the end of a DMA service it may also be 
reinitialized by an Autoinitialization back to its original value. 
Autoinitialization can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of FFFFH 
after TC. 


Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize 
these values are used to restore the current registers to their 
original values. The base registers are written simultaneously 
with their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. See Figure 6 
for programming information. These registers cannot be 
read by the microprocessor. 


Command Register - This 8-bit register controls the 
operation of the 82C37A. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The following diagram lists the function of the 
Command. register bits. See Figure 4 for Read and Write 
addresses. 


Command Register 


[7| 6) 5] 4) 3/2) 1/0) 


Bit Number 


O Memory -to - memory disable 
1 Memory -to - memory enable 


© Channel 0 address hold disable 
1 Channel O address hold enable 
X IfbitoO= 0 
0 
1 


Controller enable 
Controller disable 


QO Normal timing 

1 Compressed timing 
X ifbtO= 1 

O Fixed priority 

1 Rotating priority 
Late write selection 


Extended write selection 
lfot3= 1 | 


DREQ sense active high 
DREQ sense active low 


“-~Oo “9 


DACK sense active low 
DACK sense active high 


= © 


Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits 0 and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits 0 and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 


Mode Register 


(7/6) 5] 4/3) 2/1] 0) 
ey 


Bit Number 


0O Channel O select 
O01 Channel 1 select 
10 Channel 2 select 
11 Channel 3 select 
XX Readback 


OO Verify transfer 

O01 Write transfer 

10 Read transfer 

11. Illegal 

XX Ifbits6 and 7= 11 


O._—sCAutoinitialization disable 
1  Autoinitialization enable 


Oo Address increment select 
1 Address decrement select 


oo Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 


Request Register - The 82C37A can respond to requests 
for DMA service which are initiated by software as well as 
by a DREQ. Each channel has a request bit associated with 
it in the 4~bit Request register. These are non-maskable 
and subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a Reset or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register ad- 
dress coding, and the following diagram for Request regi- 
ster format. A software request for DMA operation can be 
made in block or single modes. For memory-to-memory 
transfers, the software request for channel 0 should be set. 
When reading the Request register, bits 4-7 will always 
read as ones, and bits 0-3 will display the request bits of 
channels 0-3 respectively. 


Request Register 


Bit Number 


pare 0O Select channel 0 
; 01 Select channel 1 
Bits 4 -7 10 Select channel 2 
All Ones, 11 Select channel 3 
Read 


O Reset request bit 
1 Set request bit 
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Mask Register ~ Each channel has associated with it a mask 
bit which can be set to disable an incoming DREQ. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register is 
also set by a Reset or Master Clear. This disables all hardware 
DMA requests until a Clear Mask Register instruction allows 
them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits O-3 will display the mask bits of 
channels O-3, respectively. The 4 bits of the mask register 
may be cleared simultaneously by using the Clear Mask 
Register command (see software commands section). 


Mask Register 
[7] 6| 5/ 4/3/ 2/1) 0) 
——_-— 


Bit Number 


OO Select channel O mask bit 
QO1 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11. Select channel 3 mask bit 


Don't Care 


Clear mask bit 
Set mask bit 


All four bits of the Mask register may also be written with a 
single command. 


Bit Number 


Don't Care, O Clear channel O mask bit 
Write 1 Set channel O mask bit 
All Ones, 
Read 


O Clear channel 1 mask bit 
1 Set channel 1 mask bit 


O Clear channel 2 mask bit 
1 Set channel 2 mask bit 


O Clear channel 3 mask bit 
1 Set channel 3 mask bit 


Status Register - The Status register is available to be 
read out of the 82C37A by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached a 
terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by that 
channel or an external EOP is applied. These bits are 
cleared upon Reset, Master Clear, and on each Status 
Read. Bits 4-7 are set whenever their corresponding 
channel is requesting service, regardless of the mask bit 
state. If the mask bits are set, software can poll the Status 
register to determine which channels have DREQs, and 
selectively clear a mask bit, thus allowing user defined 
service priority. Status bits 4-7 are updated while the clock 
is high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. 


Status Register 


171 6] 5] 4/3) 2] 1/0) 


Bit Number 


1 Channel O has reached TC 
1 Channel 1 has reached TC 
1 Channel 2 has reached TC 


1 Channel 3 has reached TC 


1 Channel O request 
1 Channel 1 request 
1 Channel 2 request 


1 Channel 3 request 


Temporary Register - The Temporary register is used to 
hold data during memory-to-memory transfers. Following 
the completion of the transfers, the last byte moved can be 
read by the microprocessor. The Temporary register always 
contains the last byte transferred in the previous memory-to- 
memory operation, unless cleared by a Reset or Master Clear. 


oenarion | as | ae | ttt 


Read Status Register 
Write Command Register 
Read Request Register 
Write Request Register 
Read Command Register 
Write Single Mask Bit 
Read Mode Register 
Write Mode Register 

Set First/Last F/F 

Clear First/Last F/F 

Read Temporary Register 
Master Clear 

Clear Mode Reg. Counter 
Clear Mask Register 
Read All Mask Bits 

Write All Mask Bits 


0) 
8) 
0 
0 
) 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


ekki ia kas ss 


-=-=42400002+4+A 0000 
“s“OO-+=00-+=00--200 
=-9O+0+0-0-0-2=0-0-20 
Oo-9C4 O00 0+ 0-0-4 


FIGURE 4. SOFTWARE COMMAND CODES AND REGISTER CODES 
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Software Commands 


There are special software commands which can be 
executed by reading or writing to the 82C37A. These 
commands do not depend on the specific data pattern on 
the data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 


Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 82C37A. This command initializes the 
flip-flop to a known state (low byte first) so that subsequent 
accesses to register contents by the microprocessor will 
address upper and lower bytes in the correct sequence. 


Set First/Last Flip-Flop: This command will set the flip- 
flop to select the high byte first on read and write operations 
to address and word count registers. 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. The 82C37A will enter the Idle cycle. 


Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 


CHANNEL REGISTER 


7 Base and Current 


al 
7 
fe) 
20 


OPERATION 


Address 
Current Address 


Base and Current 
Word Count 


Current Word Count 


Base and Current 
Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


Base and Current 
Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


Base and Current 
Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


COCO CD OCO|JCOO CO COO OOljoOoO CFD COO OOJjJC0 CFD OO OO 
CO "300 ==|00 == 00 ==/00 -+= 00 =--/00 == 00 == 


OW A3 A2 Al AO 


FIGURE 5. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 


Clear Mode Register Counter: Since only one address 
location is available for reading the Mode registers, an 
internal two-bit counter has been included to select Mode 
registers during read operations. To read the Mode 
registers, first execute the Clear Mode Register Counter 
command, then do consecutive reads until the desired 
channel is read. Read order is channel 0 first, channel 3 last. 
The lower two bits on all Mode registers will read as ones. 


External EOP Operation 


The EOP pin is a bidirectional, open drain pin which may be © 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up 
resistor to VCC is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is important to note that the 82C37A will not 
accept external EOP signals when it is in an SI (Idle) state. 
The controller must be active to latch EXT EOP. Once 
latched, the EXT EOP will be acted upon during the next S2 
state, unless the 82C37A enters an idle state first. In the 
latter case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recognized, since the 82C37A is in an SI state. 


FIRST/LAST 
FLIP-FLOP | DATABUS 
STATE DBO-DB7 


SIGNALS 


ao oe ee a ofan nn nsw ew s!1O00 CO O00 C0100 00 00 00 


~ewti OO =] 00f/-= 00 ==4 00)]/-+ 4 oo]2+2 00/4224 00 Ha 00 
oooo0oo0o0oo0oo0oocnaodqoo0o0o0ooncodcooco0oooio00oc0e0cec oo 
sath at et et at ab oh JOO OO OO OOH HH HSH HF ABA ast aH o0oo0oo0o0o0o0o°0 
“aes msn CO OO0O]2n242 asm~ OO OdO]j/a42 2-2 C0 CO0O]f-2 == 00 00 


4-186 


82C37A 


Application Information 


Figure 6 shows an application for a DMA _ system 
utilizing the 82C37A DMA controller and the 80C88 
Microprocessor. In this application, the 82C37A DMA 
controller is used to improve system performance by 
allowing an I/O device to transfer data directly to or from 
system memory. 


Components 


The system clock is generated by the 82C84A clock driver 
and is inverted to meet the clock high and low times 
required by the 82C37A DMA controller. The four OR gates 
are used to support the 80C88 Microprocessor in minimum 
mode by producing the control signals used by the proces- 
sor to access memory or I/O. A decoder is used to generate 
chip select for the DMA controller and memory. The most 
significant bits of the address are output on the address/ 
data bus. Therefore, the 82C82 octal latch is used to 
demultiplex the address. Hold Acknowledge (HLDA) and 


i 7 
82C84A 
OR 
82C85 
CLK 
les roll / 
JED MEMW 
ct)» IOR 
) IOW 


NOTE: The address lines need pull-up resistors. 


DECODER 


ADDRESS BUS 


Ln EF AE EF LOE EY LF AER LI LES SD LE A LD 


MEMORY : 
poe DATA BUS 
MEMR—> i 


Address Enable (AEN) are “ORed” together to insure that 
the DMA controller does not have bus contention with the 
microprocessor. 


Operation 


ADMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue 
a Hold request (HRQ) to the processor. The system 
busses are not released to the DMA controller until a Hold 
Acknowledge signal is returned to the DMA controller from 
the 80C88 processor. After the Hold Acknowledge has 
been received, addresses and control signals are generated 
by the DMA controller to accomplish the DMA transfers. 
Data is transferred directly from the I/O device to memory 
(or vice versa) with |OR and MEMW (or MEMR and IOW) 
being active. Note that data is not read into or driven out of 
the DMA controller in |/O-to-memory or memory-to-!/O 
data transfers. 


vcc 


82C37A 


CLK 
cS 
ADSTB 


AEN 


EOP 
HLDA 
JOR 
lOW 


MEMR 
MEMW 

. HRQ 
DREQO 
DACK 


AT AT AER AEE A A AY SEY AE 


Ao-7 
DBO -7 


cs 
DREQ 
Te) 


DEVICE 


FIGURE 6. APPLICATION FOR DMA SYSTEM 
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Figure 7 shows an application for a DMA system using the 
82C37A DMA controller and the 80C286 Microprocessor. 


In this application, the system clock comes from the 
82C284 clock generator PCLK signal which is inverted to 
provide proper READY setup and hold times to the DMA 
controller in an 80C286 system. The Read and Write 
signals from the DMA controller may be wired directly to 
the Read/Write control signals from the 82C288 Bus 


CHIP SELECT 


80C286 


AEN EOP DO-D7 
ADSTB 
HRQ 
HLDA 


82C37A 


|DECODE|___ > TO MEMORY/ 


PERIPHERALS 


AO - A23 
MEMORY 
TRANSCEIVER 


PS. CLK 
Tn pee ores 
> 


Controller. The octal latch for A8 - A15 from the DMA 
controller’s data bus is on the local 80C286 address bus so 
that memory chip selects may still be generated during 
DMA transfers. The transceiver on AO - A7 is controlled 
by AEN and is not necessary, but may be used to drive a 
heavily loaded system address bus during transfers. The 
data bus transceivers simply isolate the DMA controller 
from the local microprocessor bus and allow programming 
on the upper or lower half of the data bus. 


AO -A7 
ion 
IOW i<———»> IOW 

MEMR 

MEMW 


TO CORRESPONDING 
82C288 SIGNALS AND 
MEMORY/PERIPHERALS 


FIGURE 7. 80C286 DMA APPLICATION 


4-188 


Specifications 82C37A 


Absolute Maximum Ratings Reliability Information 

SUDDIY VONGGS 4i¥ cass ved eeewa eee sewentdadea ss +8.0 Volts Thermal Resistance 8ja Bic 
Input, Output or I/O Voltage Applied ....GND -0.5V to VCC +0.5V Ceramic DIP Package.............. 28°C/W 6°C/W 
Storage Temperature Range ..............66. -65°9C to +150°C LCC Package ............ccceeeees 66°C/W 12°9C/W 
Junction Temperature ....... 0. cect ccc cece eect eeees +1759C Maximum Package Power Dissipation............ Ss: dh aul eal pte 1 Watt 
Lead Temperature (Soldering, Ten Seconds) ............ #300°G “Gate Count sec ve lever nese job aleeee wrecseeeaies 2325 Gates 


CAUTION: Stresses above those listed in the Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range ............ cece eee cee +4.5V to+5.5V Operating Temperature Ranges 
CB2CSTA: 54d cies oak ei ear eln ale aie wed aed ndes 0°C to +70°C 
BEC STA os scscrarn Wow eS Sawer -40°C to +85°C 
MS2CS7A hacsesaiweeiwe nas tea nea eeas -~§5°9C to +1259C 


D.C. Electrical Specifications Vcc = +5.0V +10%, Ta = 0°C to +70°C (C82C37A) 
Ta = -40°C to +85°C (I82C37A) 
Ta = -55°C to +125°C (M82C37A) 


SYMBOL PARAMETER | owmin | max | UNITS TEST CONDITIONS 
Logical One Input Voltage C82C37A, I82C37A 
pe Sea 


} Logical Zero Input Voltage | Zero Input Voltage 


bees 
Output HIGH Voltage V pn =-2.5mA 
vec oS, 4 V IOH = -100pA 
Output LOW Voltage V IOL = +2.5mA all output except EOP, 
IOL = +3.2 for EOP pin 36 only. 
mo Input Leakage Current VIN = GND or VCG, Pins 6, 7, 11, 12, 13, 16-19 
Output Leakage Current +10.0 | HA VOUT = GND or VCC, Pins 1-4, 21-23, 
26-30, 32-40. 
ICCSB Standby Power Supply 10 HA VCC = 5.5V, VIN = VCC or GND, 
Current Outputs Open 
ICCOP Operating Power Supply mA/MHz VCC = 5.5V, CLK FREQ = Maximum, 
Current VIN = VCC or GND, Outputs Open 
Capacitance Ta = +25°C 


a 


FREQ = 1MHz, All measurements are 
referenced to device GND 
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A.C. Electrical Specifications VCC = +5.0V +10%, GND = OV, 
Ta = 0°C to +70°C (C82C37A), 
Ta = -40°C to +85°C (182C37A), 
Ts = -55°C to +125°C (M82C37A) 


82C37A-5 
SYMBOL 


PARAMETER 


. 82C237A 


82C37A- 


12 


DMA (Master) Mode 

(1)TAEL AEN HIGH from CLK LOW (S1) Delay 175 
Time . 

(2)TAET AEN LOW from CLK HIGH (SI) Delay 130 


Time 


ADR Active to Float Delay from CLK 
HIGH 


READ or WRITE Float Delay from 
CLK HIGH 


DB Active to Float Delay from CLK 
HIGH 


ADR from READ HIGH Hold Time 
DB from ADSTB LOW Hold Time 
ADR from WRITE HIGH Hold Time 


(3)TAFA 


(4)TAFC 


(5) TAFDB 170 


(6)TAHR 
(7)TAHS 
(8) TAHW 


TCY-100 
TCL-18 
TCY-65 


(9)TAK DACK Valid from CLK LOW 170 
Delay Time 
EOP HIGH from CLK HIGH 170 
Delay Time 
EOP LOW from CLK HIGH 100 


Delay Time 
(10)TASM 
(11)TASS 
(12)TCH 


ADR Stable from CLK HIGH 
DB to ADSTB LOW Setup Time 
Clock HIGH Time (Transitions 10ns) 


110 
TCH-20 
70 

(13)TCL 
(14)TCY 
(15) TDCL 


Clock LOW Time (Transitions 10ns) 
CLK Cycle Time 


CLK HIGH to READ or WRITE LOW 
Delay 


READ HIGH from CLK HIGH (S4) 
Delay Time 


WRITE HIGH from CLK HIGH (S4) 
Delay Time 


(16)TOCTR 


(17)TOCTW 


(18)TDQ HRQ Valid from CLK HIGH 


Delay Time 
(19)TEPH 
(20)TEPS 
(21)TEPW 
(22)TFAAB 
(23) TFAC 


EOP Hold Time from CLK LOW (S2) 
EOP LOW to CLK LOW Setup Time 
EOP Pulse Width 

ADR Valid Delay from CLK HIGH 


READ or WRITE Active from 
CLK HIGH 


DB Valid Delay from CLK HIGH 


8 
ro) 


150 


(24)TFADB 


4-190 


135 


TCY-75 
TCL-18 
TCY-65 


~N 
or 


~s 
fen) 
oO 


TCH-20 


TCY-65 
TCL-18 
TCY-50 


TCH-20 


~~ 


Oo 


Specifications 82C37A 


A.C. Electrical Specifications VCC = +5.0V +10%, GND =0V, (Continued) 
Ts = 0°C to +70°C (C82C37A), 
Ts = -40°C to +85°C (182C37A), 
Ta = -55°C to +125°C (M82C37A) 


82C237A 82C37A-12 

SYMBOL 
DMA (Master) Mode (Continued) 
(25) THS 


(26) TIDH 


PARAMETER 


N 


HLDA Valid to CLK HIGH Setup Time 


Input Data from MEMR HIGH 
Hold Time 


Input Data to MEMR HIGH 155 
Setup Time 


Output Data from MEMW HIGH 
Hold Time 


Output Data Valid to MEMW HIGH 


DREQ to CLK LOW (SI, S4) 
Setup Time 


75 


(27)TIDS 


(28)TODH TCY-50 


(29)TODV TCY-10 


(30)TQS 


TCY-35 TCY-35 


wb 


(31)TRH 
(32)TRS 
(33)TCLSH 


CLK to READY LOW Hold Time 
READY to CLK LOW Setup Time 


ADSTB HIGH from CLK LOW 
Delay Time 


ADSTB LOW from CLK LOW 
Delay Time 


READ HIGH Delay from WRITE HIGH 
(36)TRLRH READ Pulse Width, Normal Timing 
(37)TSHSL ADSTB Pulse Width 

(38)TWLWHA | Extended WRITE Pulse Width 
(39)TWLWH_ | WRITE Pulse Width 

(40)TRLRHC | READ Pulse Width, Compressed 

(56) TAVRL ADR Valid to READ LOW 

(57)TAVWL___| ADR Valid to WRITE LOW 

(58) TRHAL READ HIGH to AEN LOW 

(59) TRHSH READ HIGH to ADSTB HIGH 

(60) TWHSH WRITE HIGH to ADSTB HIGH 

(61) TDOVRAL DACK Valid to READ LOW 
(62)TDVWL DACK Valid to WRITE LOW 
(63)TRHDI READ HIGH to DACK Inactive 

ADR Float to READ LOW 

Peripheral (Slave) Mode 

(41)TAR ADR Valid or CS LOW to READ LOW 
(42)TAWL ADR Valid to WRITE LOW Setup Time 
(43)TCWL CS LOW to WRITE LOW Setup Time 
(44) TOW Data Valid to WRITE HIGH Setup Time 


~“ 
-) 
~N 
So 


(34)TCLSL 


(385) TWRRD 
2TCY-60 
TCY-50 
2TCY-85 


2TCY-60 2TCY-55 
TCY-80 
2TCY-100 


TCY-1 
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TCY-35 
2TCY-80 
TCY-80 


TCY-85 


S 


TCY-60 TCY-55 


7 


TCY-60 
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(64)TAZRL 
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Specifications 82C37A — 


A.C. Electrical Specifications VCC = +5.0V +10%, GND = OV, (Continued) 
Ta = 0°C to +70°C (C82C37A), 
Ta = -40°C to +85°C (182C37A), 
Ta = -55°C to +125°C (M82C37A) 


82C37A-5 82C237A 82C37A-12 
SYMBOL - _ PARAMETER 


Peripheral (Slave) Mode (Continued) 
(45) TRA 

(46) TRDE 

(47) TROF 


Power Supply HIGH to RESET LOW 
Setup Time 


(50) TRSTW 
(51)TRW 


82C37A 


Waveforms 


SLAVE MODE WRITE TIMING 


cs 
43 TCWL 
(43) (55) TWC (53) 
OW TWWS 
42 
TAA TWA (52) 


FIGURE 8. SLAVE MODE TIMING 


NOTE: Successive WRITE accesses to the 82C37A must allow at least TCY as recovery time between accesses. ATCY recovery time must be allowed before 
executing a WRITE access after a READ access. 


SLAVE MODE READ TIMING 


AO - A3 ADDRESS MUST BE VALID 
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1OR 


(47) 
(46) TRDF 


DBO - DB7 DATA OUT VALID S 


FIGURE 9. SLAVE MODE READ 


NOTE: Successive READ accesses to the 82C37A must allow at least TCY as recovery time between accesses. A TCY recovery time must be allowed before 
executing a WRITE access after a READ access. 
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Waveforms 
DMA TRANSFER TIMING 


CLK 


TCH 
(12) 


(TC Trea . 
SSAAS 


DREQ 


HRQ 


(24) TAK (9) 
TFADB 
DBO - DB7 cneceremmenerreneainememnnly a 
AS -A15 eed TAFAB (3) 
22 
im © TT Ti © 


AD - AT enna, | ADDRESS VAUD | | } ed HIT 
TAK Hy (64) al ee 
(9) het TRHD! (63) 
TAFC 
(23) (4) 
TFAC 
TDVAL (61) 
( , 7) TOCTW 
See peal 
omen 0 
(62) ao : TAK (9) 
INT EOP ¢ (FOR EXTENDED ware) 
(9) TAK 
i” (21) 
EQP ements 
Serer RB MIS LLLL LLL) 


FIGURE 10. DMA TRANSFER 
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MEMORY~TO-MEMORY TRANSFER TIMING 


CLK 


ADSTB 


DBO - DB7 


MEMR 


MEMW 


EOP 


EXT EOP 


SO $11 $12 $13 $14 $21 $22 $23 $24 S11/SI 


(33) 
TCLSH | 


(22) i 
TFAAB 


(11) TASS 


P tint Th Rs |} _{addRESS VALID |__| 9 
TFADB (24) 4 


TAFDB 
(5) | 
c | IN | J t AS -A15 » y jouT 3} 
ER | (24) | ee on 
TODH 
(4) 


EXTENDED 
WRITE 


(20) TEPS 


TEPH (19) 


(21) 
TEPW 
NOAA SAQA AAAS AAAS AAS KLLLLLLLLLL LLL A 


FIGURE 11. MEMORY-TO-MEMORY TRANSFER 
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Waveforms 
READY TIMING 


$2 $3 | SW SW S4 
CLK | | 
TDCL (16) 
READ 
TDCL~ (15) TDCL TDCTW (17) 
(15) 
WRITE EXTENDED —-\ 
watE “-—------- : 
(31) TRH ae TRH (31) 


(32) TRS TRS (32) 


READY 


FIGURE 12. READY 


NOTE: READY must not transition during the specified setup and hold times. 


COMPRESSED TRANSFER TIMING 


$2 S4 S2 S4 


CLK | 
oe mm [ 


TDCTR TDCTR 
TDCL — (15) (16) na6h (16) 
a TRLRHC 
READ (40) 
(17) 
TDCTW 
WRITE | 
TRH (31) TRH (31) 


(32) TRS (32) TRS 
READY > * $ x 


FIGURE 13. COMPRESSED TRANSFER 
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Waveforms A.C. Test Circuits 
RESET TIMING 
CJ vi 
CC _/ |< (48) TRSTD 
(50) TRSTW OUTPUT FROM R1 
oe, DEVICE UNDER TEST POINT 
(49) TEST T c1* 
1OR OR IOW TRSTS = 
jRoniOW TTS 


*Includes STRAY and FIXTURE Capacitance 


FIGURE 14. RESET 


TEST CONDITION DEFINITION TABLE 


eee ee ee ee 
Cn Ce 


A.C. Testing Input, Output Waveforms 


INPUT OUTPUT 
VIH + 0.4V VOH 
1.5V 1.5V 
VIL - 0.4V VOL 
OUTPUT OUTPUT 
Z-LORH LOR H-Z 
VOH VOH 
2.0V VO - 0.45 : 
0.8V 0.45 
VOL VOL 


A.C. Testing: All A.C. Parameters tested as per test circuits. Input RISE and FALL times are driven at Ins/V. 
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82C54 


CMOS Programmable Interval Timer 


Features 


10MHz or 8MHz Clock Input Frequency 
Compatible with NMOS 8254 

- Enhanced Version of NMOS 8253 
Three Independent 16 Bit Counters 
Six Programmable Counter Modes 
Status Read Back Command 


Binary or BCD Counting 

Fully TTL Compatible » 

Single 5V Power Supply 

Low Power 

+ ICCSB 64 i554. iakieewe ve mekweeanewe en teis 10nA 
et NCCOP oe einai seo leaee ss wet ones 10mA at 8MHz 
Operating Temperature Ranges | 
CBR CSS anh do aia Gain wee eapeee es 0°C to +70°C 
1B 2054 eee ie Somes eae ee uats -40°C to +85°C 
= M2054 5 oid detours eeewewy -55°C to +125°C 


Ordering Information 


Ceramic DIP 


SMD # 8406501JA 


Pinouts 24 LEAD DIP 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


[PACKAGE | TEMPERATURE RANGE [ow [tmz 
ala secre seen eee 
im See eee ee 


Description 


The Harris 82C54 is a high performance CMOS Programma- 
ble Interval Timer manufactured using an advar. sed 2 micron 
CMOS process. 


The 82C54 has three independently programmable and 
functional 16-bit counters, each capable of handling clock 
input frequencies of up to 8MHz (82C54) or 10MHz 
(82C54-10). 


The high speed and industry standard configuration of the 
82C54 make it compatible with the Harris 80C86, 80C88, 
and 80C286 CMOS microprocessors along with many other 
industry standard processors. Six programmable timer 
modes allow the 82C54 to be used as an event counter, 
elapsed time indicator, programmable one-shot, and many 
other applications. Static CMOS circuit design insures low 
power operation. 


The Harris advanced CMOS process results in a significant 
reduction in power with performance equal to or greater than 
existing equivalent products. 


28 LEAD PLCC AND LCC 


File Number 2970 


4-198 


82C54 


Functional Diagram 


CLKO 


COUNTER GATE 6 
) . INTERNAL BUS 


OuTO 


CLK 1 =e 
Sean 


GATE 1 
ae 
our! me ae 


COUNTER 
1 


ay BUS 


CONTROL nn en 


LOGIC eal 


CLK 2 


drat Gee) rere GATE 2 


OUT 2 


SURnaee 
WOR 
REGISTER 


COUNTER INTERNAL BLOCK DIAGRAM 


Pin Description 


DIP PIN 
SYMBOL | NUMBER | TYPE DEFINITION 


D7-DO | 1-8 | vo | DATA: Bi-directional three state data bus lines, connected to system data bus. 
CLKO er wae ees CLOCK 0: Clock input of Counter 0. 


OUT O eee OUT O: Output of Counter 0. 


GATE 0: Gate input of Counter 0. 


GROUND: Power supply connection. 
OUT 1: Output of Counter 1. 


GATE 1: Gate input of Counter 1. 


CLOCK 1: Clock input of Counter 1. 


GATE 2: Gate input of Counter 2. 


OUT2: Output of Counter 2. 


CLOCK 2: Clock input of Counter 2. 


ADDRESS: Select inputs for one of the three counters or Control Word Register 
for read/write operations. Normally connected to the system address bus. 


Counter 0 
Counter 1 
Counter 2 
Control Word Register 


CHIP SELECT: A low on this input enables the 82C54 to respond to RD and 
WR signals. RD and WR are ignored otherwise. 


PRD fee fa READ: This input is low during CPU read operations. 
| wR | 23 fot | WRITE: This input is low during CPU write operations. 


VCC 24 VCC: The +5V power supply Pin. A 0.1 pF capacitor between pins VCC and GND is 
recommended for decoupling. 
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Functional Description 
General 


The 82C54 is a programmable interval timer/counter 
designed for use with microcomputer systems. It is a gener- 
al purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 


The 82C54 solves one of the most common problems in 
any microcomputer system, the generation of accurate time 
delays under software control. instead of setting up timing 
loops in software, the programmer configures the 82C54 to 
match his requirements and programs one of the counters 
for the desired delay. After the desired delay, the 82C54 will 
interrupt the CPU. Software overhead is minimal and varia- 
ble length delays can easily be accommodated. 


Some of the other computer/timer functions common to 
microcomputers which can be implemented with the 82C54 
are: © Real time clock 

Event counter 

Digital one-shot 

Programmable rate generator 

Square wave generator 

Binary rate multiplier 

Complex waveform generator 

Complex motor controller 


Data Bus Buffer 


This three-state, bi-directional, 8-bit buffer is used to 
interface the 82C54 to the system bus (see Figure 1). 


CLK O 
GATE 6 


= es 


a 


el os) 


OUTO 


CLK 1 


GATE 1 


INTERNAL BUS 


OUT 1 


CLK2 


CONTROL 
WOR 


ORD GATE 2 
REGISTER 


OUT 2 


FIGURE 1. DATA BUS BUFFER AND READ/WRITE LOGIC 
FUNCTIONS 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and generates control signals for the other functional blocks 
of the 82C54. A1 and AO select one of the three counters or 
the Control Word Register to be read from/written into. A 
“low” on the RD input tells the 82C54 that the CPU is read- 
ing one of the counters. A “low” on the WR input tells the 
82C54 that the CPU is writing either a Control Word or an 
initial count. Both RD and WR are qualified by CS; RD and 
‘WR are ignored unless the 82C54 has been selected by 
holding CS low. 


Control Word Register 


The Control Word Register (Figure 2) is selected by the 
Read/Write Logic when A1, AO = 11. If the CPU then does a 
write operation to the 82C54, the data is stored in the Con- 
trol Word Register and is interpreted as a Control Word 
used to define the Counter operation. 


The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 


Counter 0, Counter 1, Counter 2 


These three functional blocks are identical in operation, so 
only a single Counter will be described. The internal block 
diagram of a single counter is shown in Figure 3. The 
counters are fully independent. Each Counter may operate 
in a different Mode. 


CLKO 


pg GATE 0 


BUS 
BUFFER 
OUT O 


CLK 1 


GATE 1 


n 
—] 
a 
ows 
< 
z 
c 
wi 
= 
= 


OUT 1 


CLK 2 
GATE 2 
OUT 2 


FIGURE 2. CONTROL WORD REGISTER AND COUNTER 
FUNCTIONS 
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The Control Word Register is shown in the figure; it is not 
part of the Counter itself, but its contents determine how the 
Counter operates. 


The status register, shown in the figure, when latched, 
contains the current contents of the Control Word Register 
and status of the output and null count flag. (See detailed 
explanation of the Read-Back command.) 


The actual counter is labeled CE (for Counting Element). It is 
a 16 bit presettable synchronous down counter. 


OLM and OLL are two 8-bit latches. OL stands for “Output 
Latch”; the subscripts M and L for ‘Most significant byte” 
and “Least significant byte”, respectively. Both are normally 
referred to as one unit and called just OL. These latches 
normally “follow” the CE, but if a suitable Counter Latch 
Command is sent to the 82C54, the latches “latch” the pre- 
sent count until read by the CPU and then return to 
“following” the CE. One latch at a time is enabled by the 
counter’s Control Logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit internal 
bus. Note that the CE itself cannot be read; whenever you 
read the count, it is the OL that is being read. 


Similarly, there are two 8-bit registers called CRM and CRL 
(for “Count Register”). Both are normally referred to as one 
unit and called just CR. When a new count is written to the 
Counter, the count is stored in the CR and later transferred 
to the CE. The Control Logic allows one register at a time to 
be loaded from the internal bus. Both bytes are transferred 
to the CE simultaneously. CRM and CRL are cleared when 
the Counter is programmed for one byte counts (either most 
significant byte only or least significant byte only) the other 
byte will be zero. Note that the CE cannot be written into; 
whenever a count is written, it is written into the CR. 


INTERNAL BUS 


CONTROL 
WORD 
REGISTER 


eal 
control | | 


= 
Soe eee | ae 


OLm 


CLKa OUT hn 


FIGURE 3. COUNTER INTERNAL BLOCK DIAGRAM 


The Control Logic is also shown in the diagram. CLK n, 
GATE n, and OUT n are all connected to the outside world 
through the Control Logic. 


82C54 System Interface 


The 82C54 is treated by the system software as an array of 
peripheral !/O ports; three are counters and the fourth is a 
control register for MODE programming. 


Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method 
or it can be connected to the output of a decoder, such as a 
Harris HD-6440 for larger systems. 


Operational Description 
General 
After power-up, the state of the 82C54 is undefined. 


The Mode, count value, and output of all Counters are 
undefined. 


How each Counter operates is determined when it is 
programmed. Each Counter must be programmed before it 
can be used. Unused counters need not be programmed. 


Programming The 82C54 


Counters are programmed by writing a Control Word and 
then an initial count. 


All Control Words are written into the Control Word Regi- 
ster, which is selected when A1, AO = 11. The Control Word 
specifies which Counter is being programmed. 


By contrast, initial counts are written into the Counters, not 
the Control Word Register. The A1, AO inputs are used to 
select the Counter to be written into. The format of the initial 
count is determined by the Control Word used. 


ADDRESS BUS (16) 


62054 
COUNTER COUNTER owt 
0 1 
OUT GATE CLK QUT GATE CLK © GUT GATE CLK 


FIGURE 4. 82054 SYSTEM INTERFACE 
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Write Operations 


The programming procedure for the 82054 is very flexible. 
Only two conventions need to be remembered: | 


1. For each Counter, the Control Word must be written be- 
fore the initial count is written. | 

2. The initial count must follow the count format specified in 
the Control Word (least significant byte only, most signifi- 
cant byte only, or least significant byte and then most 
significant byte). as 

Since the Control Word Register and the three Counters 

have separate addresses (selected by the A1, AO inputs), 

and each Control Word specifies the Counter it applies to 

(SCO, SC1 bits), no special instruction sequence is 

required. Any programming sequence that follows the 

conventions above is acceptable. 


Control Word Format 
A1, AO = 11;CS = 0; RD = 1; WR=0 


| b7 | oe | ps | v4 | v3 | v2 | v1 | do 
Pscr [sco [rw [rwo| we [mi | mo [aco 


SC - Select Counter: 


rei eeeeene 


es 
Os 
[1 [1 | feed Back Command Gee eed Operation) 
RW - Read/Write: 
eee eeen: 
Pre acme 
0 [1 _| Resarwrteleastsigniicantovteonl. 
Ta [ 0 Reaafarite mestsignicantbyieont 


Read/Write least significant byte first, 
then most significant byte. 


M- Mode: 


BCD - Binary Coded Decimal: 


Binary Counter 16-bits | ; 
Binary Coded Decimal (BCD) Counter (4 Decades) 


NOTE: Don't Care bits (X) should be O to insure compatibility with future 
products. 
FIGURE 5. CONTROL WORD FORMAT 


| 0 | 0 | SelectCountero 


[£58 ofGount=Counero——SS«d 
[MB ofGount=Counero «do | 
[tS8 ofGount-Counert” «do | 
[MB ofCountCouner?————S«d ot 
[eonietWoreGounier@ dT tft 
[1S8 ofGount=Counr?@ ———S«d tO 
[MB ofCount=Counere «dt to 


Control Word - Counter 0 
Control Word - Counter 1. 
Control Word - Counter 2 | 


LSB of Count - Counter 2 

LSB of Count - Counter 1 

LSB of Count - Counter 0 

MSB of Count - Counter 0 

MSB of Count - Counter 1 

MSB of Count - Counter 2 | 


1 
1 
1. 


- 4 0 


Control Word - Counter 2 
Control Word - Counter 1 
Control Word - Counter 0 
LSB of Count - Counter 2 
MSB of Count - Counter 2 
LSB of Count - Counter 1 
MSB of Count - Counter 1 
LSB of Count - Counter 0 
MSB of Count - Counter 0 


Control Word - Counter1 
Control Word - Counter 0 
LSB of Count - Counter 1 
Control Word - Counter 2 
LSB of Count - Counter 0 
MSB of Count - Counter 1 
LSB of Count - Counter 2 
MSB of Count - Counter 0 
MSB of Count- Counter2 — 


LJ 
© 
» 
a wtf ot f ot 
-_ 


Zz 
OO 
+ 
m 


n ali four examples, all counters are programmed to rite 
two-byte counts. These are only four of many programming 
sequences. 

FIGURE 6. A FEW POSSIBLE PROGRAMMING SEQUENCES 
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A new initial count may be written to a Counter at any time 
without affecting the Counter’s programmed Mode in any 
way. Counting will be affected as described in the Mode 
definitions. The new count must follow the programmed 
count format. 


If a Counter is programmed to read/write two-byte counts, 
the following precaution applies: A program must not trans- 
fer control between writing the first and second byte to 
another routine which also writes into that same Counter. 
Otherwise, the Counter will be loaded with an incorrect 
count. 


Read Operations 


It is often desirable to read the value of a Counter without 
disturbing the count in progress. This is easily done in the 
82C 54. 


There are three possible methods for reading the Counters. 
The first is through the Read-Back command, which is 
explained later. The second is a simple read operation of the 
Counter, which is selected with the A1, AO inputs. The only 
requirement is that the CLK input of the selected Counter 
must be inhibited by using either the GATE input or external 
logic. Otherwise, the count may be in process of changing 
when it is read, giving an undefined result. 


Counter Latch Command 


The other method for reading the Counters involves a 
special software command called the “Counter Latch 
Command”. Like a Control Word, this command is written to 
the Control Word Register, which is selected when A1, AO = 
11. Also, like a Control Word, the SCO, SC1 bits select one 
of the three Counters, but two other bits, D5 and D4, distin- 
guish this command from a Control Word. 


A1, AO = 11:CS = 0; RD = 1;WR=0 


SC1, SCO - specify counter to be latched 


[sci | sco | counter 


oe a a ieee 
ee i a ee 
a ae Sa 


1 a see 
[Rea Back Command 


D5, D4 - 00 designates Counter Latch Command 

X - Don’t Care 

NOTE: Don't Care bits (X) should be 0 to insure compatibility with future 
products. 


FIGURE 7. COUNTER LATCH COMMAND FORMAT 


The selected Counter’s output latch (OL) latches the count 
when the Counter Latch Command is received. This count 
is held in the latch until it is read by the CPU (or until the 


Counter is reprogrammed). The count is then unlatched 
automatically and the OL returns to “following” the counting 
element (CE). This allows reading the contents of the Coun- 
ters “on the fly” without affecting counting in progress. 
Multiple Counter Latch Commands may be used to latch 
more than one Counter. Each latched Counter’s OL holds 
its count until read. Counter Latch Commands do not affect 
the programmed Mode of the Counter in any way. 


If a Counter is latched and then, some time later, latched 
again before the count is read, the second Counter Latch 
Command is ignored. The count read will be the count at the 
time the first Counter Latch Command was issued. 


With either method, the count must be read according to the 
programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be read. 
The two bytes do not have to be read one right after the 
other; read or write or programming operations of other 
Counters may be inserted between them. 


Another feature of the 82C54 is that reads and writes of the 
same Counter may be interleaved; for example, if the Coun- 
ter is programmed for two byte counts, the following 
sequence is valid. 1. Read least significant byte. 

2. Write new least significant byte. 

3. Read most significant byte. 

4. Write new most significant byte. 


If a Counter is programmed to read or write two-byte 
counts, the following precaution applies: A program MUST 
NOT transfer control between reading the first and second 
byte to another routine which also reads from that same 
Counter. Otherwise, an incorrect count will be read. 


Read-Back Command 


The read-back command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected counter(s). 


The command is written into the Control Word Register and 
has the format shown in Figure 8. The command applies to 
the counters selected by setting their corresponding bits 
D3, D2, D1 = 1. 


AO, A1 = 11; CS =0; RD = 1; WR=0 


KER co COUNT |STATUS | CNT 2 |CNT1 |CNTO ea 


O = Latch count of selected Counter(s) 
= O = Latch status of selected Counter(s) 
D3: 1= Select Counter 2 
D2: 1= Select Counter 1 
Di: 1=Select Counter 0 
DO: Reserved for future expansion; Must be O 


FIGURE 8. READ-BACK COMMAND FORMAT 
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The read-back command may be used to latch multiple 
counter output latches (OL) by setting the COUNT bit 
DS = 0 and selecting the desired counter(s). This single 
command is functionally equivalent to several counter latch 
commands, one for each counter latched. Each counter’s 
latched count is held until it is read (or the counter is 
reprogrammed). That counter is automatically unlatched 
when read, but other counters remain latched until they are 
read. If multiple count read-back commands are issued to 
the same counter without reading the count, all but the first 
are ignored; i.e., the count which will be read is the count at 
the time the first read-back command was issued. 


The read-back command may also be used to latch status 
information of selected counter(s) by setting STATUS bit D4 
= 0. Status must be latched to be read; status of a counter is 
accessed by a read from that counter. 


The counter status format is shown in Figure 9. Bits D5 
through DO contain the counter’s programmed Mode exact- 
ly as written in the last Mode Control Word. OUTPUT bit D7 
contains the current state of the OUT pin. This allows the 
user to monitor the counter’s output via software, possibly 
eliminating some hardware from a system. 


OUTPUT NULL RW1 | RWO M1 BCD 
COUNT 


D7 1= Outpinis 1 
O= Out pinisO 
D6 1 = Null count 
O= Count available for reading 
D5-DO = Counter programmed mode (See Figure 5) 


FIGURE 9. STATUS BYTE 


NULL COUNT bit D6 indicates when the last count written 
to the counter register (CR) has been loaded into the count- 
ing element (CE). The exact time this happens depends on 
the Mode of the counter and is described in the Mode 


Definitions, but until the counter is loaded into the counting 


‘element (CE), it can’t be read from the counter. If the count 


is latched or read before this time, the count value will not 


reflect the new count just written. The operation of Null 


Count is shown in Figure 10. 


THIS ACTION: CAUSES: 

A. Write to the control word register: (1) ......... Null Count = 1 
B. Write to the count register (CR): (2)........... Null Count = 1 
C. New counts loaded into CE (CR-CE) ....... Null Count = 0 


(1) Only the counter specified by the control word will have its null 
count set to 1. Null count bits of other counters are unaffected. 


(2) If the counter is programmed for two-byte counts (least signifi- 
cant byte then most significant byte) null count goes to 1 when 
the second byte is written. 


FIGURE 10. NULL COUNT OPERATION 


If multiple status latch operations of the counter(s) are 
performed without reading the status, all but the first are 


ignored; ie., the status that will be read is the status of the 


counter at the time the first status read-back command was 
issued. 


Both count and status of the selected counter(s) may be 
latched simultaneously by setting both COUNT and 
STATUS bits D5, D4 = O. This is functionally the same as 
issuing two separate read-back commands at once, and 
the above discussions apply here also. Specifically, if multi- 
ple count and/or status read-back commands are issued to 
the same counter(s) without any intervening reads, all but 
the first are ignored. This is illustrated in Figure 11. If both 
count and status of a counter are latched, the first read 
operation of that counter will return latched status, regard- 
less of which was latched first. The next one or two reads 
(depending on whether the counter is programmed for one 
or two type counts) return latched count. Subsequent reads 
return unlatched count. 


DESCRIPTION ~ RESULT 


Read Back Count and Status Count and Status Latched for 
of Counter 0 Counter O 


Read-Back Status of Counter 1 Status Latched for Counter 1 
Read-Back Status of Status Latched for Counter 2, 
Counters 2, 1 But Not Counter 1 
Read-Back Count of Counter 2 Count Latched for Counter 2 


Read-Back Count and Status of | Count Latched for Counter 1 
Counter 1 But Not Status 


Read-Back Status of Counter 1 Command Ignored, Status 


Already Latched for Counter 1 


FIGURE 11. READ-BACK COMMAND EXAMPLE . 
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FIGURE 12. READ/WRITE OPERATIONS SUMMARY 


Mode Definitions 


The following are defined for use in describing the operation 
of the 82C54. 


CLK PULSE: 


A rising edge, then a falling edge, in that order, of a Coun- 
ter’s CLK input. 


TRIGGER: 
A rising edge of a Counter’s Gate input. 


COUNTER LOADING: 


The transfer of a count from the CR to the CE 
(See ‘Functional Description’) 


Mode 0: Interrupt on Terminal Count 


Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will remain 
low until the Counter reaches zero. OUT then goes high and 
remains high until a new count or a new Mode O Control 
Word is written to the Counter. 


GATE = 1 enables counting; GATE = O disables counting. 
GATE has no effect on OUT. 


After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next CLK 
pulse. This CLK pulse does not decrement the count, so for 
an initial count of N, OUT does not go high until N + 1 CLK 
pulses after the initial count is written. 


If a new count is written to the Counter it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


(1) Writing the first byte disables counting. Out is set low 
immediately (no clock pulse required). 


(2) Writing the second byte allows the new count to be 
loaded on next CLK pulse. 


This allows the counting sequence to be synchronized by 
software. Again OUT does not go high until N + 1 CLK 
pulses after the new count of N is written. 


If an initial count is written while GATE = O, it will still be 
loaded on the next CLK pulse. When GATE goes high, OUT 
will go high N CLK pulses later; no CLK pulse is needed to 
load the counter as this has already been done. 


Mode 1: Hardware Retriggerable One-Shot 


OUT will be initially high. OUT will go low on the CLK pulse 
following a trigger to begin the one-shot pulse, and will 
remain low until the Counter reaches zero. OUT will then 
go high and remain high until the CLK pulse after the next 
trigger. 


After writing the Control Word and initial count, the Counter 
is armed. A trigger results in loading the Counter and setting 
OUT low on the next CLK pulse, thus starting the one-shot 
pulse N CLK cycles in duration. The one-shot is 
retriggerable, hence OUT will remain low for N CLK pulses 
after any trigger. The one-shot pulse can be repeated with- 
out rewriting the same count into the counter. GATE has no 
effect on OUT. 


If a new count is written to the Counter during a one-shot 
pulse, the current one-shot is not affected unless the Coun- 
ter is retriggered. In that case, the Counter is loaded with the 
new count and the one-shot pulse continues until the new 
count expires. 


Mode 2: Rate Generator 


This Mode functions like a divide-by-N counter. It is typical- 
ly used to generate a Real Time Clock interrupt. OUT will 
initially be high. When the initial count has decremented to 
1, OUT goes low for one CLK pulse. OUT then goes high 
again, the Counter reloads the initial count and the process 
is repeated. Mode 2 is periodic; the same sequence is 
repeated indefinitely. For an initial count of N, the sequence 
repeats every N CLK cycles. 


GATE = 1 enables counting; GATE = O disables counting. If 
GATE goes low during an output pulse, OUT is set high 
immediately. A trigger reloads the Counter with the initial 
count on the next CLK pulse; OUT goes low N CLK pulses 
after the trigger. Thus the GATE input can be used to 
synchronize the Counter. 


After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. OUT goes low N CLK 
pulses after the initial count is written. This allows the Coun- 
ter to be synchronized by software also. 


Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after writ- 
ing anew count but before the end of the current period, the 
Counter will be loaded with the new count on the next CLK 
pulse and counting will continue from the new count. Other- 
wise, the new count will be loaded at the end of the current 
counting cycle. 
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CW=10 LSB=x4 


of 0 0 | Oo Oo | FF I FF 
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CW=10 LSB=3 


OUT | 
0 0 0 0 0 0 | FF 
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CW=10 LSB=3 LSB =2 


OUT | 


0 ft 0 oo it 0 |] O { FF 
Jufn fun] 3 ee erect 


NOTE: The following conventions apply to all mode timing diagrams. 


1. 


Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 


2. The counter is always selected (CS always low). 


3. CW stands for “Control Word”; CW = 10 means a control word of 


10, Hex is written to the counter. 


4. LSB stands for Least significant “byte” of count. 


5. Numbers below diagrams are count values. The lower number is 


the least significant byte. The upper number is the most significant 
byte. Since the counter is programmed to read/write LSB only, the 
most significant byte cannot be read. 


6. N stands for an undefined count. 


. Vertical lines show transitions between count values. 


FIGURE 13. MODE 0 
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FIGURE 14. MODE 1 
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Mode 3: Square Wave Mode 


Mode 3 is typically used for Baud rate generation. Mode 3 is 
similar to Mode 2 except for the duty cycle of OUT. OUT will 
initially be high. When half the initial count has expired, OUT 
goes low for the remainder of the count. Mode 3 Is periodic; 
the sequence above is repeated indefinitely. An initial count 
of N results in a square wave with a period of N CLK cycles. 


GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low while OUT is low, OUT is set high 
immediately; no CLK pulse is required. A trigger reloads the 
Counter with the initial count on the next CLK pulse. Thus 
the GATE input can be used to synchronize the Counter. 


After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. This allows the Coun- 
ter to be synchronized by software also. 


CW=14 LSB=3 


CW=14 LSB=3 


CW=14 


LSB<4 


FIGURE 15. MODE 2 


Writing a new count while counting does not affect the cur- 
rent counting sequence. If a trigger is received after writing 
a new count but before the end of the current half-cycle of 
the square wave, the Counter will be loaded with the new 
count on the next CLK pulse and counting will continue 
from the new count. Otherwise, the new count will be 
loaded at the end of the current half-cycle. 


Mode 3 is Implemented as Follows: 


EVEN COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented by two 
on succeeding CLK pulses. When the count expires, OUT 
changes value and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. 


CW=16 LSB=4 


CW=16 LSB=5 
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FIGURE 16. MODE 3 
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ODD COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse, decremented by one on the next 
CLK pulse, and then decremented by two on succeeding 
CLK pulses. When the count expires, OUT goes low and the 
Counter is reloaded with the initial count. The count is dec- 
remented by three on the next CLK pulse, and then by two 
on succeeding CLK pulses. When the count expires, OUT 
goes high again and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. So for 
odd counts, OUT will be high for (N + 1)/2 counts and low 
for (N - 1)/2 counts. 


Mode 4: Software Triggered Mode 


OUT will be initially high. When the initial count expires, 
OUT will go low for one CLK pulse then go high again. 
The counting sequence is “Triggered” by writing the initial 
count. 


GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 


CW=18 LSB=3 


o | o {| o | o | FF] FF | FF 
Jwtwfrtw[s]sis]s FF | FE Ag 


CW=18 LSB=3 


CW=18 LSB=3 LSB =2 


FIGURE 17. MODE 4 


After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. This CLK pulse does 
not decrement the count, so for an initial count of N, OUT 
does not strobe low until N + 1 CLK pulses after the initial 
count is written. aa 


If a new count is written during counting, it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


(1) Writing the first byte has no effect on counting. 


(2) Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 


This allows the sequence to be “retriggered” by software. 
OUT strobes low N + 1 CLK pulses after the new count of N 
is written. 


Mode 5: Hardware Triggered Strobe (Retriggerable) 


OUT will initially be high. Counting is triggered by a rising 
edge of GATE. When the initial count has expired, OUT will 
go low for one CLK pulse and then go high again. 


Ie}y dude te |stolsielels | 
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FIGURE 18. MODE 5 
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After writing the Control Word and initial count, the counter 
will not be loaded until the CLK pulse after a trigger. This 
CLK pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N + 1 CLK pulses 
after trigger. 


A trigger results in the Counter being loaded with the initial 
count on the next CLK pulse. The counting sequence is 
triggerable. OUT will not strobe low for N + 1 CLK pulses 
after any trigger. GATE has no effect on OUT. 


If anew count is written during counting, the current count- 
ing sequence will not be affected. If a trigger occurs after 
the new count is written but before the current count 
expires, the Counter will be loaded with the new count on 
the next CLK pulse and counting will continue from there. 


Operation Common to All Modes 
Programming 


When a Control Word is written to a Counter, all Control 
Logic is immediately reset and OUT goes to a known initial 
state; no CLK pulses are required for this. 


Gate 


The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2, 3 and 4 the GATE input is level sensi- 
tive, and logic level is sampled on the rising edge of CLK. In 
modes 1, 2, 3 and 5 the GATE input is rising-edge sensitive. 
In these Modes, a rising edge of Gate (trigger) sets an 
edge-sensitive flip-flop in the Counter. This flip-flop is then 
sampled on the next rising edge of CLK. The flip-flop is 
reset immediately after it is sampled. In this way, a trigger 
will be detected no matter when it occurs - a high logic level 
does not have to be maintained until the next rising edge of 
CLK. Note that in Modes 2 and 3, the GATE input is both 
edge-and level-sensitive. 


Counter 


New counts are loaded and Counters are decremented on 
the falling edge of CLK. 


The largest possible initial count is 0; this is equivalent to 
216 for binary counting and 104 for BCD counting. 


The counter does not stop when it reaches zero. In Modes 
O, 1, 4 and 5 the Counter “wraps around” to the highest 
count, either FFFF hex for binary counting or 9999 for BCD 


counting, and continues counting. Modes 2 and 3 are 
periodic; the Counter reloads itself with the initial count and 
continues counting from there. 

OR GOING 


Disables Enables 
counting counting 


| na = 


counting 
Resets output 
1) Disables 
counting 


after next clock 
2) Sets output 


immediately 


SIGNAL 
STATUS 
MODES 


LOW 


Enables 
counting 


Initiates 
counting 


1) Disables 
counting 

2) Sets output 
immediately 


Enables 
counting 


Initiates 


counting 
1) Disables 


Enables 

counting counting 
Initiates 
counting 


NOTE: O is equivalent to 21 6 for binary counting and 104 for BCD counting. 


FIGURE 20. MINIMUM AND MAXIMUM INITIAL COUNTS 
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Absolute Maximum Ratings 


SUDOlY VONAOG -co-hes bos SF ctc eee bea eee rs SSS Kuen +8.0V 
Input, Output or I/O Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range ...............6.. -65°C to +150°C 
Junction Temperature... 02... ccc cece cee enc eceee +175°C 
Lead Temperature (Soldering 10s)..............0000: +300°C 


ESD Classification ............ ccc cece ccc cc ccccvces Class 1 


Reliability Information 


Thermal Resistance ............... Bia Ge 
Ceramic DIP Package............ 47°C 8°C/W 
Ceramic LCC Package ........... 49°C/W 5°C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package .......... ccc cece cece eee we. .1.07W 
Ceramic LCC Package ........... ccc eee e eee eecees 1.03W 

Gate COUN 6 s.6 swale. cs ce swe eenhau ew adaees woes 2250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range............. cece eee +4.5V to +5.5V 


Operating Temperature Range 
C82C054, C82C54-10..... cece ee ee eee 0°C to +70°C 
IB2C54, 182C054-10 2... cee cee eee eee -40°C to +85°C 
M82C54, M82C54-10 ........... eee eee eee -55°C to +125°C 


DC Electrical Specifications VCC = +5.0V+ 10%, TA=0°C to +70°C (C82C54, C82C 54-10) 
TA = -40°C to +85°C (182054, 182C54-10) 
TA = -55°C to +125°C (M82C 54, M82C54-10) 


Output LOW Voltage 


Input Leakage Current 


Output Leakage Current 


Standby Power Supply 
Current 


Operating Power Supply 
Current 


SYMBOL PARAMETER 
pcIN Input Capacitance 


/O Capacitance 


NOTE: 


Output Capacitance p15 


IOH = -2.5mA 
IOH = -100nA 
IOL = +2.5mA 


VIN = GND or VCC 
DIP Pins 9,11,14-16,18-23 


VOUT = GND or VCC 
DIP Pins 1-8 


VCC = 5.5V, VIN = GND or 
VCC, Outputs Open, 
Counters Programmed 


VCC = 5.5V, CLKO = 
CLK1 = CLK2 = 8MHz, 
VIN = GND or VCC, 
Outputs Open 


1. Not tested, but characterized at initial design and at major process/design changes. 
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AC Electrical Specifications VCC = +5.0V + 10%, TA = 0°C to +70°C (C82C54, C82C54-10) 
TA = -40°C to +85°C (I82C54, 182C54-10) 
TA = -55°C to +125°C (M82C54, M82C54-10) 


PRELIMINARY 
82C54-10 
SYMBOL 


PARAMETER TEST CONDITIONS 


READ CYCLE 
) 
) 


1 


8 
— 


) 


sls 


( 
( 


( 

3 
5) 
(6) 


Data Delay from Address 
RD to Data Floating 


— 
3 
— 


TAR 
TSR 
TRA 
TRR 
TRD 
TAD 
TDF 
TRV 


(8 
WRITE CYCLE 


Command Recovery Time 


(9) TAW Address Stable Before WR 
CS Stable Before WR 


—_ | ws 
—_— i © 


3 


(15 Command Recovery Time 
CLOCK AND GATE 


~~ 
oh, 
NO 


~~ 


&] w 


D 


ao fF —™ fF —m™ jm | 

Nh) - NS FE wa F =a 7] et 

be ee i el 
0 
?) 


3 
) 


(30) CLK Setup for Count Latch -40 


NOTE: 
1. Not tested, but characterized at initial design and at major process/design changes. 
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Timing Waveforms 


WRITE | 
a ie ey 
| (9) 
tAW 1WA (11) 
cs 
| 7 (10) 
sw | 
DATA BUS Ce TaD 
a tWD |(14) 
WR : 
(12) 
tWwW 
READ . 
aos { 
tRA (3) 
° 
RD 
(5) 
tRD mts 
| (6) 
tAD 
a emi cons) al - 
RECOVERY 
(8) (15) 
tRV 
RD, WR 
CLOCK AND GATE 
MODE COUNT* 


sd (17) Ne (18) (16) (23) 


tPWH J<—e| |<tpwLe ———tCLK tGs> 


CLK | | 
, eae GH (24) 
GATE ei 


eu ae ee See « 


= ini RRS 


two 


4-212 


toD(25) 


“LAST BYTE OF COUNT BEING WRITTEN 


Burn-In Circuits 


Q1 
Q2 
vcc 
GND 
F9 
F10 
Fit 
F12 
FO 
A 
Q6 
GND 

GND 

F9 

F10 

F11 

F12 

FO 

OPEN 


VCC = 5.5V + O.5V, 
GND = ov 

VIN = 4.5V + 10% 
VIL = -0.2V to 0.4V 
R1 = 47kN + 5% 

R2 = 1.0kN + 5% 

R3 = 2.7kQ + 5% 

R4 = 18k + 5% 

RS = 1.2kQ + 5% 

C1 = 0.01 nF Minimum 
fO = 100kHz + 10% 
f1 = (0/2, f2 = f1/2,...f12 = 11/2 


R1 
R14 
R1 
R14 
R1 
R14 
R1 
R41 
R2 


R1 


R1 
R1 
R1 
R1 
R1 
R2 
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MD 82C54 CERAMIC DIP 


vcC 
C1 
1 24) 
EB 2 R1 
a 2 R1 
4 eu R1 
5 | 20) 

R1 
ee ue R2 
ie 
o 

R1 
2 eS R2 
fa aS R1 
14 14) 

12 13) 
MR 82C54 CERAMIC LCC 
vcc C1 
© i oO 
S855 {188 
R1}R1 | R1 R1/R1 
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Metallization Topology 


DIE DIMENSIONS: 


183.5 x 215.7 x 19 + 1 mils 


METALLIZATION: 
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GLASSIVATION: 
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DIE ATTACH: 


Silicon Eutectic Alloy (LCC has Gold 


Material: Gold - 


Preform) 
Temperature: Ceramic DIP — 460°C (Max) 


— 420°C (Max) 


Ceramic LCC 


WORST CASE CURRENT DENSITY: 


0.26 x 10° A/cm2 


Mask Layout 
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CMOS Programmable 
Peripheral Interface 


February 1992 


Features Description 
¢ Pin Compatible with NMOS 8255A The Harris 82C55A is a high performance CMOS version of 
¢ 24 Programmable I/O Pins the industry standard 8255A and is manufactured using a 


self-aligned silicon gate CMOS process (Scaled SAJI IV). It 
is a general purpose programmable I/O device which may be 
used with many different microprocessors. There are 24 I/O 
pins which may be individually programmed in 2 groups of 
12 and used in 3 major modes of operation. The high 


e Fully TTL Compatible 


e High Speed, No “Wait State” Operation with 5MHz and 
8MHz 80C86 and 80C88 


Direct Bit Set/Reset Capability 


¢ Enhanced Control Word Read Capability performance and industry standard configuration of the 
* Scaled SAJI IV CMOS Process 82C55A make it compatible with the 80C86, 80C88 and 
e¢ 2.5mA Drive Capability on All VO Ports other microprocessors. 

e Low Standby Power (ICCSB) ................. 10pA 


Static CMOS circuit design insures low operating power. TTL 
a COMPAtibility Over the full military temperature range and bus 
Ordering Information hold circuitry eliminate the need for pull-up resistors. The 


TEMPERATURE Harris advanced SAJI process results in performance equal 
PACKAGE RANGE 


to or greater than existing functionally equivalent products at 
Plastic DIP a fraction of the power. 
PLCC 
eee a 
Ceramic DIP CD82C55A-5 
“40°C 10 +85°C 
55°C to +125°C 


8406601QA 8406602QA 
LCC -55°C to +125°C 
SMD# 


CMOS 
PERIPHERALS 


5/B 
MR82C55A-5/B | MR82C55A/B 
8406601XA 8406602XA 


Pinouts 
40 LEAD DIP 44 LEAD LCC 44 LEAD PLCC 
TOP VIEW TOP VIEW TOP VIEW 
Biezz222222z6E @zz22e2222z6E 
TEs raat 2. 1. 4a de 42 4h 40 HOHHGHY YC ey 
eed ag 85 182 025 [5G aS Oe A eee B25 285 825 02a [1 EG OE A OG 
73 73 3] RESET 
8} 83 a] Do 
93 9 Dt 
io io ej D2 
i 1 D3 
12 al NC 
D4 
4 DS 
D6 
30] D7 
3 VCC 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2969 


Copyright © Harris Corporation 1992 
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Pin Description 


| DIP PIN ae 
SYMBOL | NUMBER TYPE DESCRIPTION 
vcc VCC: the +5V power supply pin. A 0.1 pF capacitor between pins 26 and 7 is 
recommended for decoupling. 


DO-D7 27-34 /O DATA BUS: The Data Bus lines are bidirectional three-state pins connected to the 
| | system data bus. . 


RESET RESET: A high on this input clears the control register and all ports (A, B, C) are set to 
the input mode with the “Bus Hold” circuitry turned on. 


CHIP SELECT: Chip select is an active low input used to enable the 82C55A onto the 
Data Bus for CPU communications. 


READ: Read is an active low input control signal used by the CPU to read status 
information or data via the data bus. 


ADDRESS: These input signals, in conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word register. AO and A1 are normally 
connected to the least significant bits of the Address Bus AO, A1). 


PAO-PA7 1|1-4,37-40 VO PORT A: 8 Bit input and output port. Both bus hold high and bus hold low circuitry are 
present on this port. 
Press | vo 


PORT B: 8 Bit input and output port. Bus hold high circuitry is present on this port. 
PORT C: 8 Bit input and output port. Bus hold high circuitry is present on this port. 


Functional Description 


POWER sate i 


1/0 
ad PA7-PAg 
CONTROL 
0 
PC7-PC4 
BI-DIRECTIONSL 
DATA BUS 
DATA 
07-00 BUS 
BUFFER pre 
INTERNAL 
DATA BUS iG 
PC3- PCg 
AD 
WR 
At CONTROL ae 7 
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Functional Description 
Data Bus Buffer 


This three-state bi-directional 8 bit buffer is used to 
interface the 82C55A to the system data bus. Data is trans- 
mitted or received by the buffer upon execution of input or 
output instructions by the CPU. Control words and status 
information are also transferred through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the internal and 
external transfers of both Data and Control or Status words. 
it accepts inputs from the CPU Address and Control busses 
and in turn, issues commands to both of the Control 
Groups. 


(CS) Chip Select. A “low” on this input pin enables the 
communication between the 82C55A and the CPU. 


(RD) Read. A “low” on this input pin enables the 82C55A to 
send the data or status information to the CPU on the data 
bus. In essence, it allows the CPU to “read from” the 
82C55A. 


(WR) Write. A “low” on this input pin enables the CPU to 
write data or control words into the 82C55A. 


(AO and A1) Port Select O and Port Select 1. These input 
signals, in conjunction with the RD and WR inputs, control 
the selection of one of the three ports or the control word 
register. They are normally connected to the least signifi- 
cant bits of the address bus (AO and A1). 


82C55A BASIC OPERATION 


INPUT OPERATION 
(READ) 


9) Port A= Data Bus 


Port B » Data Bus 


Port C # Data Bus 


Control Word » Data Bus 


OUTPUT OPERATION 
(WRITE) 


Data Bus =» PortA 


Data Bus » Port B 
Data Bus =» Port C 


Data Bus =» Control 


DISABLE FUNCTION 


Data Bus =» Three-State 


Data Bus =» Three-State 


G1-CIRECTI 
DATA SUS 


FIGURE 1. 82C55A BLOCK DIAGRAM. DATA BUS BUFFER, 
READ/WRITE, GROUP A & B CONTROL LOGIC 
FUNCTIONS 


(RESET) Reset. A “high” on this input initializes the control 
register to 9Bh and all ports (A, B, C) are set to the input 
mode. “Bus hold” devices internal to the 82C55A will hold 
the I/O port inputs to a logic “1” state with a maximum hold 
current of 400A. 


Group A and Group B Controls 


The functional configuration of each port is programmed by 
the systems software. In essence, the CPU “outputs” a 
control word to the 82C55A. The control word contains 
information such as “mode”, “bit set”, “bit reset”, etc., that 
initializes the functional configuration of the 82C55A. 


Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control Logic, receives 
“control words” from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group A - Port A and Port C upper (C7 - C4) 
Control Group B - Port B and Port C lower (C3 - CO) 


The control word register can be both written and read as 
shown in the “Basic Operation” table. Figure 4 shows the 
control word format for both Read and Write operations. 
When the control word is read, bit D7 will always be a logic 
“4”, as this implies control word mode information. 
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Ports A, B and C 


The 82C55A contains three 8 bit ports (A, B, and C). All can 
be configured to a wide variety of functional characteristics 
by the system software but each has its own special 
features or “personality” to further enhance the power and 
flexibility of the 82C55A. . 


Port A One 8 bit data output latch/buffer and one 8 bit data 
input latch. Both “pull-up” and “pull-down” bus-hold de- 
vices are present on Port A. See Figure 2a. 


Port B One 8 bit data input/output latch/buffer and one 8 
bit data input buffer. See Figure 2b. 


Port C One 8 bit data output latch/buffer and one 8 bit data 
input buffer (no latch for input). This port can be 
divided into two 4 bit ports under the mode control. Each 4 
bit port contains a 4 bit latch and it can be used for the control 
signal outputs and status signal inputs in conjunction with 
ports A and B. See Figure 2b. 
MASTER 
a) RESET 


OR MODE 
CHANGE 


INTERNAL 
DATA IN 
INTERNAL 

_ DATA OUT 
(LATCHED) 


INPUT MODE 


EXTERNAL 
PORT A PIN 


OUTPUT MODE 


b) vcc 
RESET 

OR MODE 
CHANGE 


INTERNAL PORT B, C 
DATA IN PIN 
INTERNAL | 
DATA OUT , 
(LATCHED) OUTPUT MODE 


FIGURE 2. PORT A, PORT C BUS-HOLD CONFIGURATION 


Operational Description 


Mode Selection 

_ There are three basic modes of operation than can be 
selected by the system software: 

Mode 0 - Basic Input/Output 

Mode 1 - Strobed Input/Output 

Mode 2 - Bi-directional Bus 


When the reset input goes “high”, all ports will be set to the 
input mode with all 24 port lines held at a logic “one” level 
by internal bus hold devices. After the reset is removed, the 
82C55A can remain in the input mode with no additional 
initialization required. This eliminates the need to pullup or 
pulldown resistors in all-CMOS designs. The control word 
register will contain 9Bh. During the execution of the system 
program, any of the other modes may be selected using a 
single output instruction. This allows a single 82C55A to 
service a variety of peripheral devices with a simple soft- 
ware maintenance routine. Any port programmed as an out- 
put port is initialized to all zeros when the control word is 
written. 


MODE O 


PB7-PBp PC3-PCg PC7-PC4 PA7-PAg 
c 
MODE 1 B __A 
Jsfio J fie 
PB7-PBp )3=—ss CONTROL CONTROL . PA7-PAg 
oR 1/0 oR V0 
c 
MODE 2 B A 
V0 a BI-DIRECTIONAL 


PA7-PAg 
CONTROL 


FIGURE 3. BASIC MODE DEFINITIONS AND BUS INTERFACE 


CONTROL WORD 


- GROUPB 


PORT C (LOWER) 
1= INPUT 
0= OUTPUT 


PORT B 
1= INPUT 
0= OUTPUT 


MODE SELECTION 
0= MODE 0 
1= MODE 1 


GROUPA 


PORT C (UPPER) 
1 = INPUT 
O= OUTPUT 


PORTA 
1= INPUT 
O= OUTPUT 


MODE SELECTION 
00 = MODE 0 

Ot = MODE 1 
1X «MODE 2 


MODE SET FLAG 
1= ACTIVE 


FIGURE 4. MODE DEFINITION FORMAT 
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The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, 
including the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be “tailored” to almost any 1/O 
structure. For instance: Group B can be programmed in 
Mode O to monitor simple switch closings or display 
computational results, Group A could be programmed in 
Mode 1 to monitor a keyboard or tape reader on an inter- 
rupt-driven basis. 


The mode definitions and possible mode conbinations may 
seem confusing at first, but after a cursory review of the 
complete device operation a simple, logical !/O approach 
will surface. The design of the 82C55A has taken into 
account things such as efficient PC board layout, control 
signal definition vs. PC layout and complete functional flexi- 
bility to support almost any peripheral device with no exter- 
nal logic. Such design represents the maximum use of the 
available pins. 


Single Bit Set/Reset Feature (Figure 5) 


Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in control-based applications. 


When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset 
operation just as if they were data output ports. 


CONTROL WORD 


BIT SET/RESET 
1=SET 
0= RESET 


BIT SELECT 


BIT SET/RESET FLAG 
0= ACTIV 


4 


FIGURE 5. BIT SET/RESET FORMAT 


interrupt Control Functions 


When the 82C55A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 


signals, generated from port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using 
the bit set/reset function of port C. 


This function allows the programmer to enable or disable a 
CPU interrupt by a specific 1/O device without affecting any 
other device in the interrupt structure. 


INTE Flip-Flop Definition: 


(BIT-SET)-INTE is SET - Interrupt Enable 
(BIT-RESET)-INTE is RESET - Interrupt Disable 


NOTE: All Mask flip-flops are automatically reset during mode selection and 
device Reset. 


Operating Modes 


Mode O (Basic Input/Output). This functional configuration 
provides simple input and output operations for each of the 
three ports. No handshaking is required, data is simply 
written to or read from a specific port. 


Mode O Basic Functional Definitions: 

e Two 8 bit ports and two 4 bit ports 

e Any Port can be input or output 

e Outputs are latched 

e input are not latched 

© 16 different Input/Output configurations possible 


GROUP B 


PORTC 
PORT B | (Lower) 


Output | 0 | Output | Output 


MODE 0 PORT DEFINITION 


GROUP A 
PORT C 
PORT A|(Upper) 


Output 


Qutput Output | Input 


Output 


Output 
Output 


input | Output 


Output 


Input 


Input 


Output | Input 


Output | Output 


Output 


Input Output | Input 


Output 


Input 


Input | Output 


Output | Input 
Output 


Output 


input Input 


~ 0 00 0 0 0 08 2 


Input Output | Output 


o an oo a & WB ND 


input Output | Input 


Output 


Output 
Output 


Input input 


Input Input 


Input 
Output 


Output 
Output 


Input Input 


Input Input Input 


Input Input Input | Output 


Input Input Input Input 
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MODE 0 (Basic Input) 
| RR 
AD 


me-——--------+C | —?S---- 
tRD tpF 


MODE 0 (Basic Output) 


tww 
WR 
a = 
ed 
taw — tWA 


MODE 0 CONFIGURATIONS 


CONTROL WORD #2 
D, De Ds Dy D3 Dy 2, Dy 


CONTROL WORD #0 
DB, 0, Ds 0, DB; 02 Dy Do 


PA,-PAy 
82C55A 82C55A 
PC,-PC, 
c { Cc { 
PC4-PCy 


CONTROL WORD #3 
D, Dg Dg Dy Dy Dy D, Dy 


CONTROL WORD #1 
D, De Dy % Ds BD D, % 


PA,-PAy 


82C55A 


Dy7-Do 
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CONTROL WORD #4 


D, Dg Dg Dy, Dz Dy D0, Dy 


PA,-PAy 
82C55A 
PC,-PC, 
D7-Do 
PC4-PC, 
PB, -PB, 
CONTROL WORD #5 
D, Dg Dg Dy Dz Dy D, Dg 
PA,-PAy 
82C55A 
PC,-PC, 
D,-Dy <—______—__+ 
PC4-PCy 
PB, -PBy 


CONTROL WORD #6 


D, Og Og ODO, D3 DO, OD, 


82C55A 


PA,-PA, 
PC,-PC, 
D,-Dy « . 


PC4-PC, 


PB,-PB, 


CONTROL WORD #7 


D, Og Ds ODO, 03 Dz D, Do 


82C55A 


PA,-PAy 


PC,-PC, 


PC4-PCy 


PB,-PBy 


82C55A 
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CONTROL WORD #8 
D7 De Dg Dy, Dz D2 dD, 


82C55A 


D,-Dy « ss 


PC, -PC, 


PB,-PB, 


CONTROL WORD #9 


D, 0g 0s 0, OD, DBD, OD, 


Paes ree PA,-PAy 
82C55A 


PC,-PC, 
D, ‘Dy «+ > 


PC,-PCy 


PB,-PB, 


CONTROL WORD #10 


D, Dg Ds Dg, Ds Dy, BO, Dy 


A 


PA,-PA, 


82C55A 
PC, -PC, 


D; Dy —_— 


PC, -PCy 


PB, -PB, 


CONTROL WORD #11 


D0, D0, Ds O& 0; 0, D, Dy 


82C55A 


PA,-PAy 


PC, PC, 
D7-Dy 
PC, PCy 


PB,-PBy 
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CONTROL WORD #12 
D, Ds D, Dz, Dz Dy D, Dy 


CONTROL WORD #14 
D, De Of D, 03 0, OD, Dy 


82C55A 


“| 


CONTROL WORD #13 
D, De Ds DO Ds DO, D, Dy 


CONTROL WORD #15 
D, Dg Dg Dg 0, D2 DO, D 


PA,-PAy PA,-PA, 


82C55A 


82C55A 


PC,-PC, PC,-PC, 
Cc 

PC, -PC 

3° 0 


PB, -PBy 


PC3-PC, 


PB,-PB, 


Operating Modes Mode 1 Basic Functional Definitions: 


Mode 1 (Strobed Input/Output). This functional configura- ° Two Groups (Group A and Group B) . 
tion provides a means for transferring I/O data to or froma _° Each group contains one 8 bit port and one 4 bit control/ 


specified port in conjunction with strobes or “hand shak- data port. hse 
ing” signals. In mode 1, port A and port B use the lines on e The 8 bit data port can be either input or output. Both 
port C to generate or accept these “hand shaking” signals. inputs and outputs are latched. 
e The 4 bit port is used for control and status of the 8 bit 
port. 
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Input Control Signal Definition 
(Figures 6 and 7) MODE 1 (PORT A) 


STB (Strobe Input) 
A “low” on this input loads data into the input latch. CONTROL WORD 


IBF (Input Buffer Full F/F) D, Og Ds Dy Dy D2 0, Dy 


A “high” on this output indicates that the data has been 
loaded into the input latch: in essence, an acknowledge- 
ment. IBF is set by STB input being low and is reset by the 1 = INPUT 
rising edge of the RD input. 0 = OUTPUT 


INTR (interrupt Request) 


A “high” on this output can be used to interrupt the CPU = 
when and input device is requesting service. INTR is set by 

the condition: STB is a “one”, IBF is a “one” and INTE is a 

“one”. It is reset by the falling edge of RD. This procedure 

allows an input device to request service from the CPU by 

simply strobing its data into the port. 


INTE A ; CONTROL WORD 
Controlled by bit set/reset of PC4. D, Dg Dy 0, 03 0, D, Dy 


nie CXEXEL ER 


Controlled by bit set/reset of PC2. 


CMOS 
PERIPHERALS 


FIGURE 6. MODE 1 INPUT 


STB 
Se, 


(6F 


‘SIT 


INTR 


sel aa — ee oe et Bey eee weer ny OY ee rae hon ee enw ce tT 
PERIPHERAI 


FIGURE 7. MODE 1 (STROBED INPUT) 
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Output Control Signal Definition 
(Figures 8 and 9) 


OBF (Output Buffer Full F/F). The OBF output will go “low” 
to indicate that the CPU has written data out to the specified 
port. This does not mean valid data is sent out of the part at 
this time since OBF can go true before data is available. 
Data is guaranteed valid at the rising edge of OBF. See Note 
1. The OBF F/F will_be set by the rising edge of the WR 
input and reset by ACK input being low. 


ACK (Acknowledge Input). A “low” on this input informs the 
82C55A that the data from Port A or Port B is ready to be 
accepted. In essence, a response from the peripheral 
device indicating that is is rady to accept data. See Note 1. 


INTR (Interrupt Request). A “high” on this output can be 
used to interrupt the CPU when an output device has 
accepted data transmitted by the CPU. INTR is set when 
ACK is a “one”, OBF is a “one” and INTE is a “one”. It is 
reset by the falling edge of WR. 


INTE A 
Controlled by Bit Set/Reset of PC6. 


INTE B 
Controlled by Bit Set/Reset.of PC2. 


NOTE: 1. To strobe data into the peripheral device, the user must operate 
the strobe line in a hand shaking mode. The user needs to send 
OBF to the peripheral device, generates an ACK from the periph- 
eral device and then iatch data into the peripheral device on the 
rising edge of OBF. 


twos 


ACK 


ourTPUT 


y— 


\ 


ae Cae 


MODE 1 (PORT A) 


CONTROL WORD 
D, Dg 0, Dy D3 D, D, Dg 


Pie} | 9 fe PXx 


PCa ACK g 
1 = INPUT 
0 = OUTPUT 

INTR, 
Wi ——+0 


CONTROL WORD 
D, 0g Dg Dy, D; D, D, Dy 


POD He “ 
ACK, 


FIGURE 8. MODE 1 OUTPUT 


taK talT 


FIGURE 9. MODE 1 (STROBED OUTPUT) 
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RD ——eo 


(BF, 
CONTROL WORD 
INTR, 
aif VO 
— 1< INPUT 
0 = OUTPUT 


wR —eO 


PORT A — (STROBED INPUT) 
PORT B — (STROBED OUTPUT) 


CONTROL WORD 


D, Dg Dg 0, Dy D, 0, Oy 


1= INPUT 
0 = OUTPUT 


RDB ——ro 


PORT A — (STROBED OUTPUT) 
PORT B ~— (STROBED INPUT) 


FIGURE 10. COMBINATIONS OF MODE 1 


Combinations of Mode 1: Port A and Port B can be individually 
defined as input or output in Mode 1 to support a wide variety of 


strobed I/O applications. 


Operating Modes 
Mode 2 (Strobed Bi-directional Bus I/O) 


The functional configuration provides a means for commu- 
nicating with a peripheral device or structure on a single 8 
bit bus for both transmitting and receiving data 
(bi-directional bus 1/O). ‘Hand shaking” signals are provid- 
ed to maintain proper bus flow discipline similar to Mode 1. 
Interrupt generation and enable/disable functions are also 
available. 


Mode 2 Basic Functional Definitions: 

e Used in Group A only 

e One 8 bit, bi-directional bus Port (Port A) and a 5 bit 
control Port (Port C) 

© Both inputs and outputs are latched 

e The 5 bit control port (Port C) is used for control and 
status for the 8-bit, bi-directional bus port (Port A) 


Bi-directional Bus I/O Control Signal Definition 
(Figures 11, 12, 13, 14) 


INTR (Interrupt Request). A high on this output can be used 
to interrupt the CPU for both input or output operations. 


Output Operations 


OBF (Output Buffer Full). The OBF output will go “low” to 
indicate that the CPU has written data out to port A. 


ACK (Acknowledge). A “low” on this input enables the 
three-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high impedance 
state. 


INTE 1 (The INTE flip-flop associated with OBF). Con- 
trolled by bit set/reset of PC4. | 
Input Operations 


STB (Strobe Input). A “low” on this input loads data into the 
input latch. 


IBF (Input Buffer Full F/F). A “high” on this output indicates 
that data has been loaded into the input latch. 


INTE 2 (The INTE flip-flop associated with IBF). Controlled 
by bit set/reset of PC4. 
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CONTROL WORD 


Booms 
ObF, 
PCoo ACK, 
1 = INPUT 
0 = OUTPUT 
PORT B ST6 
1= INPUT A 
0 = OUTPUT 
(OF, 
| are 
GROUP B MODE 
0 = MODE 0 
1= MODE 1 
Ab ————+o 1/0 
FIGURE 11. MODE CONTROL WORD 
FIGURE 12. MODE 2 
DATA FROM 
CPU TO B2C55A 
WR ite 
= ——taos—| 
OBF me 
7 ay 5 Tt 
tsj-———-> 
. | fo 
7 
IBF 
tad 
PERIPHERAL | Zo | = ee 
BUS 3. Se Se ee eg 
tRIB 
RD 
DATA FROM DATA FROM 
PERIPHERAL TO 82C55A 82C55A TO PERIPHERAL 


DATA FROM 
82C55A TO CPU 


FIGURE 13. MODE 2 (BI-DIRECTIONAL) 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF ¢ MASK ¢ STB e RD + OBF ¢ MASK e ACK ¢ WR) 
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MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (OUTPUT) 


CONTROL WORD 


PE Pb of je 


CONTROL WORD 
D, Dg Dg Dy Dy D, OD, Dy 


PE Db? 8 Ive 


PCs PCr 

1= INPUT 1= INPUT 

0 = OUTPUT 0 = OUTPUT 
RD ————__e Rb 


wk ———_+o 


” 
onl 
< 

gi 
MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT) s <= 
Om 
o 
Lu 
INTR, QO. 

oBF, 

CONTROL WORD ie, CONTROL WORD 


D, Dg Dg 0, Dz D, D, Do 


Pd PD To bg 


D, Dg Ds D, Ds D, D, Dy 


6, th bd TX] 


IBF, 

GF, 
RD ACKa RD _ FO 
wR INTRg or ; 


FIGURE 14. MODE 2 COMBINATIONS 
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MODE DEFINITION SUMMARY 


Special Mode Combination 
Considerations: 


There are several combinations of modes possible. For any 
combination, some or all of Port C lines are used for control 
or status. The remaining bits are either inputs or outputs as 
defined by a “Set Mode” command. 


During a read_of Port C, the state of all the Port C lines, 
except the ACK and STB lines, will be placed on the data 
bus. In place of the ACK and STB line states, flag status will 
appear on the data bus in the PC2, PC4, and PC6 bit posi- 
tions as illustrated by Figure 17. 


Through a “Write Port C” command, only the Port C pins 
programmed as outputs in a Mode O group can be written. 
No other pins can be affected by a “Write Port C” com- 
mand, nor can the interrupt enable flags be accessed. To 
write to any Port C output programmed as an output in a 
Mode 1 group or to change an interrupt enable flag, the 
“Set/Reset Port C Bit” command must be used. 


With a “Set/Reset Port C Bit” command, any Port C line 
programmed as an output (including IBF and OBF) can be 
written, or an interrupt enable flag can be either set or reset. 
Port C lines programmed as inputs, including ACK and STB 
lines, associated with Port C fare not affectged by a “Set/ 
Reset Port C Bit” command. Writing to the corresponding 
Port C bit positions of the ACK and STB lines with the “Set/ 
Reset Port C Bit” command will affect the Group A and 

Group B interrupt enable flags, as illustrated in Figure 17. 


MODE 2 
GROUP A ONLY 


$e 
> 
$$» 
<—_—___—__——» 
> 
<—____—_—» 
<p 


Mode 0 
Or Mode 1 
Only 
INPUT CONFIGURATION 
D7 06 DS D4 D3 D2 D4 po | 
1 eer pretoeennenteenneed Menten sterner) 
GROUPA GROUP B 


OUTPUT CONFIGURATION 
D7 D6 DS D4 D3 pD2 D1 po 
OBF, | INTE, INTR, | INTEg | OBFg | INTRE 


GROUPA 


GROUPB 


FIGURE 15. MODE 1 STATUS WORD FORMAT 


D7 De DS D4 DS D2 D1 _ dO 
Loar [res | mra [wea |wena| x | x | x 
Se ccinennaneNina animmtnememmemmmad 


GROUPB 


GROUPA 
(DEFINED BY MODE 0 OR MODE 1 SELECTION) 


FIGURE 16. MODE 2 STATUS WORD FORMAT 
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Current Drive Capability: 


Any output on Port A, B or C can sink or source 2.5mA. This 
feature allows the 82C55A to directly drive Darlington type 
drivers and high-voltage displays that require such sink or 
source current. 


Reading Port C Status (Figures 15 and 16) 


In Mode O, Port C transfers data to or from the peripheral 
device. When the 82C55A is programmed to function in 
Modes 1 or 2, Port C generates or accepts “hand shaking” 
signals with the peripheral device. Reading the contents of 
Port C allows the programmer to test or verify the “status” of 
each peripheral device and change the program flow 
accordingly. 


There is no special instruction to read the status information 
from Port C. A normal read operation of Port C is executed 
to perform this function. 


Applications of the 82C55A 


The 82C55A is a very powerful tool for interfacing peripher- 
al equipment to the microcomputer system. It represents 
the optimum use of available pins and is flexible enough to 
interface almost any I/O device without the need for addi- 
tional external logic. 


Each peripheral device in a microcomputer system usually 
has a “service routine” associated with it. The routine man- 
ages the software interface between the device and the 
CPU. The functional definition of the 82C55A_ is 
programmed by the I/O service routine and becomes an 
extension of the system software. By examining the !/O 
devices interface characteristics for both data transfer and 
timing, and matching this information to the examples and 
tables in the detailed operational description, a control word 
can easily be developed to initialize the 82C55A to exactly 
“fit” the application. Figures 18 through 24 present a few 
examples of typical applications of the 82C55A. 


INTERRUPT ALTERNATE PORT C 
ENABLE FLAG* POSITION PIN SIGNAL (MODE) 
INTE B PC2 ACKg (Output Mode 1) 
or STBp (Input Mode 1) 
INTE A2 PC4 STBa (Input Mode 1 
or Mode 2) 
INTE A1 PC6 ACKa (Output Mode 1 
or Mode 2) 


FIGURE 17. INTERRUPT ENABLE FLAGS IN MODES 1 AND 2 


INTERRUPT 
REQUEST 


HIGH-SPEED 
PRINTER 


MODE! 
(OUTPUT) 


HAMMER 
RELAYS 


OATA READY 
ACK 
PAPER FEED 


FORWARD/AEV. 


82C55A 


PAPER FEED 
FORWARD/REV. 
AIBGON 
CARRIAGE SEN. 


MODE} 
(OUTPUT) 


CONTROL LOGIC AND ORIVERS 
INTERRUPT 
REQUEST 


FIGURE 18. PRINTER INTERFACE 


4-229 


CMOS _ 
PERIPHERALS 


INTERRUPT 
REQUEST 


FULLY 
SECODED 
KEYBOARD 


MODE 
(tmPUT) art 


CONTROL 


82CS5A 


BURROUGHS 
SELF-SCAN 
OISPLAY 


GACKSPACE 
CLEAR 


DATA READY 


BLANKING 
CANCLE WORD 


INTERRUPT 
REQUEST 


FIGURE 19. KEYBOARD AND DISPLAY 
INTERFACE 


INTERRUPT 
REQUEST 


CAT CONTROLLER 
O@CHARACTER GEN. 
SREFERESH BUFFER 
@CUASOR CONTROL 


MODE 1 

(OUTPUT) 

ee eens 
eran hex 
EES beers 


BLACKANHITE 


re 
82C55A 


oe Pe 
25] ERS! Gide ree dds 
PCO 


CURSOR H/V STB 


move O 
(OUTPUT) 
CURSOR/ROW/COLUMN 
ADDRESS 
wav 


FIGURE 22. BASIC CRT CONTROLLER 
INTERFACE 


82C55A 


INTERRUPT 
REQUEST 


FULLY 
DECODED 
KEYSOARD 


MODE 0 
(ourTPuT) 


ANALOG OUTPUT 


SHIFT 
cowrao. 


B2C55A 


0-A AWALOG INPUT 


CONVERTER 


FIGURE 20. KEYBOARD AND FIGURE 21. DIGITAL TO ANALOG, 


TERMINAL ADDRESS ANALOG TO DIGITAL 
INTERFACE 

INTERAUPY INTERRUPT 

REQUEST REQUEST 


GLEVEL 
PAPER 
TAPE 
READER 


FLOPPY O1SK 
CONTROLLER 
AND DRIVE 


eee BATA READY 


ACK (OUT? 


82C55A 82CS55A MACHINE TOOL 


START /STOP 


LIMIT SENSOR (H/V) 
OUT GF FLUID 


MODES .} PCy 
(impur) 


CHANGE TOOL 
LEFT/RIGHT 


MODE 6 
(OuTeuT) 


MODE 0 
(OUTPUT) 


FIGURE 23. BASIC FLOPPY DISC FIGURE 24. MACHINE TOOL 
INTERFACE CONTROLLER 
INTERFACE 
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Absolute Maximum Ratings Reliability Information 

SUDPIY VONAGO isa esoR abe We wats Manda ware wedwe eae +8.0V Thermal Resistance Ga Gi. 

Input, Output or I/O Voltage ............. GND-O.5V to Voc+0.5V Ceramic DIP Package............. 40°C/W 10°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 70°CIW 16°C/W 

Junction Temperature............. Se eee eee eens +175°C Maximum Package Power Dissipation at +1 25°C 

Lead Temperature (Soldering 10s)..............-...-. +300°C = Ceramic DIP Package ..........ccecccececeeeeeeees 1.23W 

ESD Classification ......... ccc cece cece eee ees Class 1 Ceramic LCC Package .............00. ccc cece eee 718mW 
Gate COUN, 6:cc5. os ci scces Qateeiene haan seaukekes 1000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range. ............. cece eee +4.5V to +5.5V Operating Temperature Range 
CEOS SR wiiisin tee balay eo NAGaea whee Mae 0°C to +70°C 
USS ais a5 aid ha esata a laste areata aed wera -40°C to +85°C 
ME2ZGSSA. oo viet oad ieeeaevia tied te oeeces -55°C to +125°C 


DC Electrical Specifications Voc = 5.0V +10%; T, = 0°C to +70°C (C82C55A); 


Ts = -40°C to +85°C (I82C55A); 
! 


Ty = -55°C to +125°C (MB2C55A) 


TEST CONDITIONS 


V I82C55A, C82C55A, 
M82C55A 


lon = -2.5mA, 
low = -100HA 


lo. +2.5mA 


Vin = Veco or GND, 
DIP Pins: 5, 6, 8, 9, 35, 36 


Ta = +25°C, Voc = 5.0V, Typical (See Note2) 
NOTES: . 


1. Nointernal current limiting exists on Port Outputs. A resistor must 2. ICCOP = 1mA/MHz of Peripheral Read/Write cycle time. 
be added externally to limit the current. (Example: 1.0ps /O Read/Write cycle time = 1mA) 


Vou Logical One Output Voltage 


Capacitance Ty, = 25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
Input Capacitance ee ae FREQ = 1MHz, All Measurements are 
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~ AC Electrical Specifications Vcc = +5V+ 10%, GND = OV; T, = -55°C to +125°C (M82C55A) (M82C55A-5); 
Ta = -40°C to +85°C (I82C55A) (I82C55A-5); 
Ta = 0°C to +70°C (C82C55A) (C82C55A-5) 


READ TIMING 
1) tAR 
2) tRA 
3) tRR 
4) tRD 
5) tDF 
6) tRV 


Address Stable Before RD 
Address Stable After RD 

RD Pulse Width 

Data Valid From RD 

Data Float After RD 

Time Between RDs and/or WRs 


-_~ 


oi 


— 


— i % 


— 


Address Stable Before WR es | 0 | pons 
[eva | AtieesSate aie | a | | = | | = 
Cov | Wien | vw || we ff 
Te A 
[eno [oan var arn fw Pf fe 
OTHER TIMING 

rom 

(13) ti Peripheral Data Before RD 


(14) tHR 
15) tAK 
(16) tST 
(17) tPS 
(18) tPH 
19) tAD 
(20) tKD 
21) tWOB 
22) tAOB 
(23) tSiB 
(24) tRIB 
(25) tRIT 
(26) tSIT 
(27) tAlT 
(28) tWiT 
(29) tRES 


1, (Note 1) 
NOTE: | 


1. Period of initial Reset pulse after power-on must be at least 50sec. Subsequent Reset pulses may be 500ns minimum. 


Peripheral Data After R 

ACK Pulse Width 

STB Pulse Width | 
Peripheral Data Before STB High 
Peripheral Data After STB High 
ACK = 0 to Output 

ACK = 1 to Output Float 

WR = 1 to OBF = 0 

ACK = 0 to OBF = 1 

STB = 0 to IBF = 1 

RO = 1 to IBF = 0 

RD = 0 to INTR = 0 

STB = 1 to INTR = 1 

ACK = 1 to INTR = 1 

WR = 0 to INTR = 0 

Reset Pulse Width 


75 
175 


wh, 
~ 
o 


150 


i, 


1 
1 


nN 
oO 


0 
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Timing Waveforms 
MODE 0 (BASIC INPUT) 


INPUT 


CS,A1,A0 


07-09 —- —- — 


MODE 0 (BASIC OUTPUT) 


07-D9 


82C55A 


tro tof ————_-~—~» 
(4) (5) 
(9) 
tww 
ee 
two 
a: ee aa 
(7) (8) twa 


OUTPUT 


MODE 1 (STROBED INPUT) 


sT8 


1BF 


INTR 


INPUTFROM 
PERIPHERAL 
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Timing Waveforms (Continued) 
MODE 1 (STROBED OUTPUT) (21) 


; EAN 


ACK . 
4. 


talT 


OUTPUT 5 
- Wwe(12) 
MODE 2 (BI-DIRECTIONAL) eiende 
CPU TO 82C55A 
ae (NOTE 1) 
twos 
INTR ; (21) ie 
ACK jie 
—— ty —————- 

STB 

(NOTE 1) 
tBF 

tao{ 19) (20) 
— —_—_ ——e (Ko eevee 
PERIPHERAL be { ey ete aes! ee 
BUS 
—- trig (24) 
RO 
DATA FROM DATA FROM 
82C55A TO PERIPHERAL 


PERIPHERAL TO 82C55A 


DATA FROM 
82C55A TO CPU 
NOTE: 1. Any sequence where | ‘WR occurs before “ACK and STB occurs b before F RD is permissible. 


(INTR = IBF ¢ MASK STB ¢ RD ¢ OBF ° MASK e ACK ¢ WR) 


READ TIMING 


WRITE TIMING 


| wv | i, taR , tRA(2) 


3 


tAW —— 


DATA BUS oe mo 
+ (DW. tWDe|( 11) 
(10) 


WR DATA BUS 


tOF(S) 


OLTTIEZEZZEL: ° WH 


HIGH IMPEDANCE 


N 


‘ww 
(9) 
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AC Test Circuit 


82C55A 


AC Testing Input, Output Waveforms 


v1 INPUT OUTPUT 
VIH + 0.4V VOH 
R1 1.5V 1.5V 
FROM OUTPUT TEST 
VIL -0.4V VOL 
UNDER TEST POINT 
R2 c1* 


AC Testing: All parameters tested as per test circuits. input rise and fall 
times are driven at 1ns/V 


*includes Stray and Jig Capacitance 


TEST CONDITION DEFINITION TABLE 


TEST CONDITION ee Te ee 


Burn-In Circuits 


F6 
F7 
F8 
FS 
F4 
F3 
GND 
FO 
F1 
F10 
F6 
F7 
F8 
F9 
F10 
F6 
F7 
F8 
F9 
F10 


AiBIBIBIBIEIBIBIBIBIBIDIOIRIOIOIDIDIOIE 


VCC = §.5V + 0.5V 
VIH = 4.5V + 10% 
VIL = -0.2V to 0.4V 
GND = OV 


MD82C55A CERAMIC DIP 


SISSIES SIL] SHS eI Es Lei ish ai Ls} sisi iat la! 


vcc 


MR82C55A CERAMIC LCC 


GND 


FO 
FI 
F10 
F6 
F7 
F8 
F9 
F10 
F6 
rasa rea rey ro rea eo 


ga) fet fae) fa7t fen) 


C1 = 0.01pF minimum 
All resistors are 47kQ + 5% 
fO = 100kHz + 10% 


fi mf{O + 2;f2 = f1 + 2;...;f15 211442 
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Metallization Topology 


DIE DIMENSIONS: 
131.4 x 167.7 x 19 £1 mils 


METALLIZATION: — 
Type: Silicon - Aluminum 
Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiOo 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
0.78 x 105 A/cm2 


Metallization Mask Layout | 7 
82C55A 


PAO PAT PA2 ~~ PA3 PAS PAS 


HS VT fon, WO Wh Wh, WA GE OR UR Wa DOL WR TOS ES SR SO WS <r 


| 


| oe [ 39 . TS « 
SR me ee 
E ie [, ie TETETy 
oS Fie: 1] 1a (eam a Tey Tl AY ry a hie Pie ne “hi See 
Ri. Se eagh PPR Biterenage = rece Si a bet pared Liga = Cl - 
ano || [Fe nau TMi moa a rae glk sy"? 
ae ey pT Te a eee a | 
Al 1 D1 
: = = Vs =f (ie 
— : i 
Wao Lala his ee ee ipo : 
Ao || vec beter seta As = = eel ae a water D2 
s ae = cule ——€ 
PC7 
D3 
pce || [11 
zat eect ie at: D4 
= il oT 
PAS : aaTite 
ay iy up ie SU Sean) Moin. wit rs eal ee al Be sibs DS 
Se grat ES sd paar, 
— = terme i iz pale 
PC4 = 
Fie ee ar ay pa rece : tii28] || ps 
PCO ek, Nee ij — 
=U yo D7 
[onlay Sry ae 
tl ty | i 
Sat wae | | 3196 
Pct eek i] vec 


ao 


* o—ut Bh 


PC2 PD3  PBO PBI PB2 PB3 PB4 PBS  PB6 PB7 
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REFERENCE APP NOTE 109 


Pabruary 1992 CMOS Priority Interrupt Controller 
Features Description 
e 12.5MHz, 8MHz and 5MHz Versions Available The Harris 82C59A is a high performance CMOS Priority 
- 12.5MHz Operation................... 82C59A-12 Interrupt Controller manufactured using an advanced 2 
- 8MHz Operation ...........2..eceeecees 82C59A ‘micron CMOS process. The 82C59A is designed to relieve 


the system CPU from the task of polling in a multi-level 
- 5MHz Operation .............00 ce eeaee 82C59A-5 priority system. The high speed and industry standard 
e High Speed, “No Wait-State” Operation with 12.5MHz configuration of the 82C59A make it compatible with micro- 

80C286 and 8MHz 80C86/88 processors such as 80C286, 80286, 80C86/88, 8086/88, 


8080/85 and NSC800. 
Pin Compatible with NMOS 8259A al 
80C86/88/286 and 8080/85/86/88/286 Compatible 


The 82C59A can handle up to eight vectored priority inter- 
rupting sources and is cascadable to 64 without additional 


e Eight-Level Priority Controller, Expandable to Circuitry. Individual interrupting sources can be masked or 
64 Levels prioritized to allow custom system configuration. Two modes 
of operation make the 82C59A compatible with both 8080/85 
e¢ Programmable Interrupt Modes and 80C86/88/286 formats. 
¢ Individual Request Mask Capability Static CMOS circuit design insures low operating power. The 
° Fully Static Design Harris advanced CMOS process results in performance 
equal to or greater than existing equivalent products at a 
¢ Fully TTL Compatible fraction of the power. 
¢ Low Power Operation wo 
SICCSB nmcuwresneiaseuaSesae 20,A Maximum z 
S:ACCOP oa aneriedd avetsies ees 1mA/MHz Maximum OF 
* Single 5V Power Supply a a 
Cc 
¢ Operating Temperature Ranges ul 
CB 2C59A atc aere See iwiay wa 0°C to +70°C 
= BQOSDA ieee d aes seas -40°C to +85°C 
=| MB2C59R oo settee ensues yes -55°C to +125°C 


Ordering Information 


jrscrsce | “nance” | swe [| ome | asa 
RANGE 

me oe 
ee ee 


Ceramic DIP 


ie ow 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2784.1 
Copyright © Harris Corporation 1992 4-237 
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Pinouts 
28 LEAD DIP 28 LEAD PLCC AND LCC 
TOP VIEW TOP VIEW 


1R7 
IR6 
IR5 
IR4 
IR3 


8 8 2 & & 


20| 1R2 
19] IR 


RO Pewsinp 
Wa [wero 


Functional Diagram 
INTA INT 
DATA ud 
D-D 
7D) < —_ > eee — CONTROL LOGIC 
— IRO 
RO—>q READY IRI 
WA? ss WRITE IN- INTERRUPT — iR2 
Ao LOGIC SERVICE }/*—\J prioniry REQUEST IR3 
REG RESOLVER REG iR4 
te (ISR) (IRR) IRS 
cs IR6 
IR7 
CAS 0 CASCADE 
pe pcan ass) INTERRUPT mask REG 
CAS 2 COMPARATOR 
@ 
SP/EN INTERNAL BUS 
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Pin Description 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 
hk ee a VCC: The +5V power supply pin. A 0.1pF capacitor between pins 28 and 14 is recommended for 
decoupling. 


GE OU 
cS 


1 CHIP SELECT: A low on this pin enables RD and WR communications between the CPU and the 
82C59A. INTA functions are independent of CS. 


WR WRITE: A tow on this pin when CS is low enables the 82C59A to accept command words from 
the CPU. 
READ: A low on this pin when CS is low enables the 82C59A to release status onto the data bus 
for the CPU. 


D7 - DO 4-11 //O BI-DIRECTIONAL DATA BUS: Control, status, and interrupt-vector information is transferred via 
this bus. 

CAS 0- 12, 13,15 /O CASCADE LINES: The CAS lines form a private 82C59A bus to control a multiple 82C59A 

CAS 2 structure. These pins are outputs for a master 82C59A and inputs for a slave 82C59A. 

SP/EN 16 /O SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin. When in the Buffered Mode it 


| 
can be used as an output to control buffer transceivers (EN). When not in the buffered mode it is 
used as an input to designate a master (SP = 1) or slave (SP = 0). 


INTERRUPT: This pin goes high whenever a valid interrupt request is asserted. It is used to 
interrupt the CPU, thus it is connected to the CPU's interrupt pin. 


INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request is executed by raising an IR 
input {low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a 
high level on an IR input (Level Triggered Mode). Internal pull-up resistors are implemented on 


INTERRUPT ACKNOWLEDGE: This pin is used to enable 82C59A interrupt-vector data onto the 
data bus by a sequence of interrupt acknowledge pulses issued by the CPU. 


ADDRESS LINE: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 
82C59A to decipher various Command Words the CPU writes and status the CPU wishes to read. 
It is typically connected to the CPU AO address line (A1 for 80C86/88/286). 


Functional Description 


Interrupts in Microcomputer Systems 


Microcomputer system design requires that I/O devices such 
as keyboards, displays, sensors and other components 
receive servicing in an efficient manner so that large 
amounts of the total system tasks can be assumed by the 
microcomputer with little or no effect on throughput. 


CPU - DRIVEN 
MULTIPLEXOR 


The most common method of servicing such devices is the 
Polled approach. This is where the processor must test 
each device in sequence and in effect “ask” each one if it 
needs servicing. It is easy to see that a large portion of the 
main program is looping through this continuous polling 
cycle and that such a method would have a serious, 
detrimental effect on system throughput, thus limiting the 
tasks that could be assumed by the microcomputer and 
reducing the cost effectiveness of using such devices. 


A more desirable method would be one that would allow the 
microprocessor to be executing its main program and only 
stop to service peripheral devices when it is told to do so 
by the device itself. In effect, the method would provide 
an external asynchronous input that would inform the 
processor that it should complete whatever instruction that 
is currently being executed and fetch a new routine that 
will service the requesting device. Once this servicing is 
complete, however, the processor would resume exactly 
where it left off. POLLED METHOD 
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This is the Interrupt-driven method. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


INTERRUPT METHOD 


The Programmable Interrupt Controller (PIC) functions as 
an overall manager in an Interrupt-Driven system. It accepts 
requests from the peripheral equipment, determines which 
of the incoming requests is of the highest importance (prior- 
ity), ascertains whether the incoming request has a higher 
priority value than the level currently being serviced, and 
issues an interrupt to the CPU based on this determination. 


DATA 
D7-Do => BUS peat 
BUFFER 
RD e READ/ 
WR O WRITE 
Ao == LOGIC 
@ 
cs 
CAS 0 «—>1 CASCADE 
CAS 1 «<—>] BUFFER 


CAS 2 +—>] COMPARATOR 


SP/EN INTERNAL BUS 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred to as 
a “service routine”. The PIC, after issuing an interrupt to the 
CPU, must somehow input information into the CPU that 
can “point” the Program Counter to the service routine 
associated with the requesting device. This “pointer” is an 
address in a vectoring table and will often be referred to, in 
this document, as vectoring data. 


82C59A Functional Description 


The 82CS59A is a device specifically designed for use in real 
time, interrupt driven microcomputer systems. It manages 
‘eight levels of requests and has built-in features for 
expandability to other 82C59As (up to 64 levels). It is 
programmed by system software as an I/O peripheral. A 
selection of priority modes is available to the programmer 
so that the manner in which the requests are processed by 
the 82C59A can be configured to match system require- 
ments. The priority modes can be changed or reconfigured 
dynamically at any time during main program operation. 
This means that the complete interrupt structure can be 
defined as required, based on the total system environment. 


Interrupt Request Register (IRR) and 
In-Service Register (ISR) 


The interrupts at the IR input lines are handled by two regi- 
sters in cascade, the Interrupt Request Register (IRR) and 
the In-Service Register (ISR). The IRR is used to indicate all 
the interrupt levels which are requesting service, and the 
ISR is used to store all the interrupt levels which are current- 
ly being serviced. 


Priority Resolver 


This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected and strobed into the 
corresponding bit of the ISR during the INTA sequence. 


INTA INT 


CONTROL LOGIC | 


IRO 
IR1 
IR2 
IR3 
IR4 
IRS 
IR6 
IR7 


INTERRUPT 


PRIORITY REQUEST 


* | RESOLVER 


82C59A FUNCTIONAL DIAGRAM 
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Interrupt Mask Register (IMR) 


The IMR stores the bits which disable the interrupt lines to 
be masked. The IMR operates on the output of the JRR. 
Masking of a higher priority input will not affect the interrupt 
request lines of lower priority. 


Interrupt (INT) 


This output goes directly to the CPU interrupt input. The 
VOH level on this line is designed to be fully compatible with 
the 8080, 8085, 8086/88, 80C 86/88, 80286, and 80C286 
input levels. 


Interrupt Acknowledge (INTA) 


INTA pulses will cause the 82C59A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (uPM) of the 82C59A. 


Data Bus Buffer 


This 3-state, bi-directional 8-bit buffer is used to interface the 
82C59A to the system Data Bus. Control words and status 
information are transferred through the Data Bus Buffer. 


Read/Write Control Logic 


The function of this block is to accept output commands 
from the CPU. It contains the Initialization Command Word 
(ICW) registers and Operation Command Word (OCW) 
registers which store the various control formats for device 
operation. This function block also allows the status of the 
82C59A to be transferred onto the Data Bus. 


Chip Select (CS) 


A LOW on this input enables the 82C59A. No reading or 
writing of the device will occur unless the device is selected. 


Write (WR) . 


A LOW on this input enables the CPU to write control words 
(ICWs and OCWs) to the 82C59A. 


DATA BUS (8) 


CS Ao 
CAS 0 


> 
CASCADE «+1 CAS 1 
LINES puee 


SP/EN 7 


SLAVE PROGRAM/ 
ENABLE BUFFER 


ADDRESS BUS (16) . 
CONTROL BUS 


= ae se id 


CAS2 1RQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ 


ee 


Read (RD) 


ALOW on this input enables the 82C59A to send the status 
of the Interrupt Request Register (IRR), In-Service Register 
(ISR), the Interrupt Mask Register (JMR), or the interrupt 
level (in the poll mode) onto the Data Bus. 


AO 


This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as to read the various status registers of 
the chip. This line can be tied directly to one of the system 
address lines. 


The Cascade Buffer/Comparator 


This function block stores and compares the IDs of all 
82C59As used in the system. The associated three I/O pins 
(CASO - 2) are outputs when the 82C59A is used as a 
master and are inputs when the 82C59A is used as a slave. 
As a master, the 82C59A sends the ID of the interrupting 
slave device onto the CASO - 2 lines. The slave thus 
selected will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two consecutive 
INTA pulses. (See section “Cascading the 82C59A”.) 


Interrupt Sequence 


The powerful features of the 82C59A in a microcomputer 
system are its programmability and the interrupt routine ad- 
dressing capability. The latter allows direct or indirect jump- 
ing to the specified interrupt routine requested without any 
polling of the interrupting devices. The normal sequence of 
events during an interrupt depends on the type of CPU be- 
ing used. 


These events occur in an 8080/8085 system: 


1. One or more of the INTERRUPT REQUEST lines (IRO - 
1R7) are raised high, setting the corresponding IRR bit(s). 


INTA 


D7 -Do RD WR INT INTA 
82C59A 


5 4 3 2 1 0) 


INTERRUPT | 
REQUESTS 


82C59A STANDARD SYSTEM BUS INTERFACE 
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2. The 82C59A evaluates these requests in the priority 
resolver and sends an interrupt (INT) to the CPU, if 
appropriate. . 


3. The CPU acknowledges the INT and responds with an 
INTA pulse. 


4. Upon receiving an INTA from the CPU group, the highest 
priority ISR bit is set, and the corresponding IRR bit is re- 
set. The 82C59A will also release a CALL instruction code 
(11001101) onto the 8-bit data bus through DO - D7. 


5. This CALL instruction will initiate two additional INTA 
pulses to be sent to 82C59A from the CPU group. 


6. These two INTA pulses allow the 82C59A to release its 
preprogrammed subroutine address onto the data bus. 
The lower 8-bit address is released at the first INTA 
pulse and the higher 8-bit address is released at the 
second INTA pulse. 


7. This completes the 3-byte CALL instruction released by 
the 82C59A. In the AEOI mode, the ISR bit is reset at the 
end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is issued 
at the end of the interrupt sequence. 


The events occurring in an 80C86/88/286 system are the 
same until step 4. 


4. The 82C59A does not drive the data bus during the first 
INTA pulse. 


5. The 80C86/88/286 CPU will initiate a second INTA 
pulse. During this INTA pulse, the appropriate ISR bit is 
set and the corresponding bit in the IRR is reset. The 
82C59A outputs the 8-bit pointer onto the data bus to be 
read by the CPU. 


6. This completes the interrupt cycle. In the AEO! mode, the 
ISR bit is reset at the end of the second INTA pulse. Other- 
wise, the ISR bit remains set until an appropriate EOI 
command is issued at the end of the interrupt subroutine. 


lf no interrupt request is present at step 4 of either sequence 
(i.e. the request was too short in duration), the 82C59A will 
issue an interrupt level 7. If a. slave is programmed on IR bit 7, 
the CAS lines remain inactive and vector addresses are 
output from the master 82C59A. 


Interrupt Sequence Outputs 
8080, 8085 Interrupt Response Mode 


This sequence is timed by three INTA pulses. During the first 
INTA pulse, the CALL opcode is enabled onto the data bus. 


First Interrupt Vector Byte Data: Hex CD 


Lf ov | oe | os | 04 | 09 | 02 | os | 00 | 
fesrcoe TT Te fets tT fete 


During the second INTA pulse, the lower address of the ap- 
propriate service routine is enabled onto the data bus. When 
interval = 4 bits, AS - A7 are programmed, while AO - A4 are 
automatically inserted by the 82C59A. When interval = 8, 
only A6 and A7 are programmed, while AO - AS are automati- 
cally inserted. 


CONTENT OF SECOND INTERRUPT VECTOR BYTE 


interval = 


paeeeeereetarta ta a patra 
7 far fae fas a ft tt fo fo | 
i A ee 

Pe ae eee 
Pe AL 
Pe ae 
2 AT fs PAST oO ft Po foo 
ptf a7 fe fas fo fol} ojo 
Lo faz TAs tas fo fo fo fo [To | 


Interval = 8 


During the third INTA pulse, the higher address of the appro- 
priate service routine, which was programmed as byte 2 of the 
initialization sequence (A8 - A15), is enabled onto the bus. 


CONTENT OF THIRD INTERRUPT VECTOR BYTE 


po7_| os | os | o« | bo | oe | or | 00 
Tas [ave Lats [are [at [ao | ao | as 


80C86, 80C88, 80C286 Interrupt Response Mode 


80C86/88/286 mode is similar to 8080/85 mode except that 
only two Interrupt Acknowledge cycles are issued by the 
processor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 8080/85 
systems in that the 82C59A uses it to internally freeze the 
state of the interrupts for priority resolution and, as a master, it 
issues the interrupt code on the cascade lines. On this first 
cycle, it does not issue any data to the processor and leaves 
its data bus buffers disabled. On the second interrupt 
acknowledge cycle in the 86/88/286 mode, the master (or 
slave if so programmed) will send a byte of data to the pro- 
cessor with the acknowledged interrupt code composed as 
follows (note the state of the ADI mode control is ignored and 
AS - A11 are unused in the 86/88/286 mode). 


CONTENT OF INTERRUPT VECTOR BYTE FOR 
80C86/88/286 SYSTEM MODE 


|__| 7 | oe | os | 04 | oe | 02 | os | bo | 
er re is re re 
rer res re ro 
esr res re rs oo 
PC cd 
OS cB 
Sc 
ar re 8 [re ra oo 
ca 
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Programming the 82C59A 


The 82C59A accepts two types of command words 
generated by the CPU; 


1. initialization Command Words (IC Ws): Before normal 
operation can begin, each 82C59A in the system must 
be brought to a starting point - by a sequence of 2 to 4 
bytes timed by WR pulses. 


2. Operation Command Words (OCWs): These are the 
command words which command the 82C59A to operate 
in various interrupt modes. Among these modes are: 

a. Fully nested mode 

b. Rotating priority mode 
c. Special mask mode 

d. Polled mode 


The OCWs can be written into the 82C59A anytime after 
initialization. 


Initialization Command Words (ICWs) 
General 


Whenever a command is issued with AO = 0 and D4 = 1, 

this is interpreted as Initialization Command Word 1 (ICW1). 

ICW1 starts the initialization sequence during which the 

following automatically occur. 

a. The edge sense circuit is reset, which means that follow- 
ing initialization, an interrupt request (IR) input must 
make a low-to-high transition to generate an interrupt. 

b. The Interrupt Mask Register is cleared. 

. IR7 input is assigned priority 7. 

d. Special Mask Mode is cleared and Status Read is set to 
IRR. 

e. If IC4 = O, then all functions selected in ICW4 are set 
to zero. (Non-Buffered mode*, no Auto-EOl, 8080/85 
system). 

*NOTE: Master/Slave in |CW4 is only used in the buffered mode. 


Initialization Command Words 1 and 2 (ICW1, ICW2) 


A5 - A15: Page starting address of service routines. In an 
8080/85 system, the 8 request levels will generate CALLS 
to 8 locations equally spaced in memory. These can be 
programmed to be spaced at intervals of 4 or 8 memory 
locations, thus the 8 routines will occupy a page of 32 or 64 
bytes, respectively. 


The address format is 2 bytes long (AO - A15). When the 
routine interval is 4, AO - A4 are automatically inserted by 
the 82C59A, while A5 - A15 are programmed externally. 
When the routine interval is 8, AO - A5 are automatically 
inserted by the 82C59A while A6 - A15 are programmed 
externally. . 


oO 


The 8-byte interval will maintain compatibility with current 
software, while the 4-byte interval is best for a compact 
jump table. 


In an 80C86/88/286 system, A15 - A11 are inserted in the 
five most significant bits of the vectoring byte and the 
82C59A sets the three least significant bits according to 
the interrupt level. A10 - A5 are ignored and ADI (Address 
interval) has no effect. 


LTIM: if LTIM = 1, then the 82C59A will operate in the 
level interrupt mode. Edge detect logic on the 


interrupt inputs will be disabled. 


ADI: ALL address interval. ADI = 1 then interval = 4; 
ADI = 0 then interval = 8. 


SNGL: Single. Means that this is the only 82C59A in the 


system. If SNGL = 1, no ICWS3 will be issued. 


IC4: If this bit is set - ICW4 has to be issued. If ICW4 is 
not needed, set IC4 = 0. 


IN 
CASCADE 
MODE 


NO (SNGL = 1) 


YES (SNGL = 0) 


READY TO ACCEPT 
INTERRUPT REQUESTS 


82C59A INITIALIZATION SEQUENCE 
initialization Command Word 3 (ICW3) 


This word is read only when there is more than one 82C59A 
in the system and cascading is used, in which case SNGL = 
O. It will load the 8-bit slave register. The functions of this 
register are: 


a. In the master mode (either when SP = 1, or in buffered 
mode when M/S = 1 in ICW4) a “1” is set for each slave 
in the bit corresponding to the appropriate IR line for the 
slave. The master then will release byte 1 of the call se- 
quence (for 8080/85 system) and will enable the corre- 
sponding slave to release bytes 2 and 3 (for 80C86/88/ 
286, only byte 2) through the cascade lines. 


b. In the slave mode (either when SP. = 0, or if BUF = 1 and 
M/S = 0 in ICW4), bits 2 - 0 identify the slave. The slave 
compares its cascade input with these bits and if they 
are equal, bytes 2 and 3 of the call sequence (or just byte 
2 for 80C86/88/286) are released by it on the Data Bus 
(Note: the slave address must correspond to the IR line it 
is connected to in the master ID). 
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icw1 


[Ao | by | os | os | 4 | os | oe | or | 0 | 
po | a7 [| Ae | As ft [erm | adr | snot | ica_| 
ae ee | | 1 = ICW4 needed 


O = No ICW4 needed 


1 = Single 
O = Cascade Mode 
CALL address interval 


1 = Interval of 4 
O = Interval of 8 


1 = Level triggered mode 
O = Edge triggered mode 


A7~Asg of Interrupt vector address 
(MCS-80/85 mode only) 


A15~Ag of interrupt vector address 
(MCS80/85 mode) 


T7-Tg of interrupt vector address 
(8086/8088 mode) 


ICW3 (MASTER DEVICE) 


= IR input has a slave 
O = IR input does not have a slave 


Icw4 


p 1 | o fT oo | oO | senm | pur [| ms | acon | pm _| 


1 = 8086/8088 mode 
0 = MCS-80/85 mode 


1 = Auto EOI 
O = Nomal EOI 


~ Non buffered mode 
a aa or - Buffered mode slave 


~ Buffered mode master 


vs - : 1 = Special fully nested moded 
(1) Slave ID is equal to the corresponding O = Not special fully nested mode 
master IR input. : 


82C59A INITIALIZATION COMMAND WORD FORMAT 
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Initialization Command Word 4 (ICW4) Operation Command Words (OCWs) 
SFNM: If SFNM = 1, the special fully nested mode is After the Initialization Command Words (ICWs) are 
programmed. programmed into the 82C59A, the device is ready to accept 


interrupt requests at its input lines. However, during the 


BUF: lf BUF = 1, the buffered mode is programmed. In goqsga operation a selection of algorithms can command 
buffered mode, SP/EN becomes an enable output the 82C59A to operate in various modes through the 


and the master/slave determination is by M/S. Operation Command Words (OCWs). 


M/S: _ If buffered mode is selected: M/S = 1 means the OPERATION CONTROL WORDS (OCWs) 


means the G2CS9A{s programmed tobea save. [42 [7] 66 | bs [os [oa [oz | os | 00 | 


means the 82CS59A is programmed to be a slave. If 


BUF = 0, M/S has no function 

AEO!: If AEOI = 1, the automatic end of interrupt mode is | 1 [m7 [ me | ms | ma | ms | m2 {| mt | mo | 
programmed. Oocw2 

uPM: Microprocessor mode: pPM = 0 sets the 82C59A po | R]| se | cor [oo | o fea jur {to | 


OCW3 


Toews 
ro [eo [esow [ow [oo] 7]? [aa [rs 


for 8080/85 system operation, uPM = 1 sets the 
82C59A for 80C86/88/286 system operation. 


Interrupt Mask 
1 = Mask set 


= k t 
ocw2 O = Mask rese 


IR LEVEL TO BE 
ACTED UPON 


CMOS 
PERIPHERALS 


Non-specific EOI command 
* Specific EO! command 
Rotate on non-specific EOI command ; 
Rotate in automatic EOI mode (set) Automatic rotation 
Rotate in automatic EOI mode (clear) 
* Rotate on specific EOl command 
* Set priority command 


End of interrupt 


Specific rotation 


No operation } *Lo- Lo are used 
OcW3 
[Ao | o7 | be | ds | D4 | dg | 2 | D1 | Do 
jo | o jesmm | smm [ o | 1 [Pp far | ais | READ REGISTER COMMAND 


i 2s ee ee 
us A Na a 


Read IR reg on | Read IS reg on 
No Action next RD pulse | next RD pulse 
1 = Poll command 
0 = No poll command 
SPECIAL MASK MODE 
ae es ee ee ee ee 
a ee ee ee ae ee 


Reset special | Set special 
No Action mask mask 


82C59A OPERATION COMMAND WORD FORMAT 
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Operation Control Word 1 (OCW1) 


OCW1 sets and clears the mask bits in the Interrupt Mask 
Register (IMR). M7 - MO represent the eight mask bits. M = 1 
indicates the channel is masked (inhibited), M = 0 indicates 
the channel is enabled. 


Operation Control Word 2 (OCW2) 


R, SL, EO! - These three bits control the Rotate and End of 
Interrupt modes and combinations of the two. A chart of these 
combinations can be found on the Operation Command 
Word Format. 


L2, L1, LO - These bits determine the interrupt level acted 
upon when the SL bit is active. 


Operation Control Word 3 (OCW3) 


ESMM - Enable Special Mask Mode. When this bit is set to 
1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = 0, the SMM bit becomes a 
“don’t care”. 


SMM - Special Mask Mode. If ESMM = 1 and SMM = 1, the 
82C59A will enter Special Mask Mode. if ESMM = 1 and 
SMM = 0, the 82C59A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 


Fully Nested Mode 


This mode is entered after initialization unless another mode 
is programmed. The interrupt requests are ordered in priority 
from O through 7 (O highest). When an interrupt is acknow- 
ledged the highest priority request is determined and its 
vector placed on the bus. Additionally, a bit of the Interrupt 
Service register (ISO - 7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) command 
immediately before returning from the service routine, or if the 
AEOI (Automatic End of Interrupt) bit is set, until the trailing 
edge of the last INTA. While the IS bit is set, all further 
interrupts of the same or lower priority are inhibited, while 
higher levels will generate an interrupt (which will be acknow- 
ledged only if the microprocessor internal interrupt enable 
flip-flop has been re-enabled through software). 


After the initialization sequence, IRO has the highest priority 
and IR7 the lowest. Priorities can be changed, as will be 
explained in the rotating priority mode or via the set priority 
command. 


End of Interrupt (EOI) 


The In-Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence INTA pulse 
(when AEOI! bit in ICW1 is set) or by a command word that 
must be issued to the 82C59A before returning from a 
service routine (EOI Command). An EOI command must be 
issued twice if servicing a slave in the Cascade mode, once 
for the master and once for the corresponding slave. 


There are two forms of EOI command: Specific and Non- 
Specific. When the 82C59A is operated in modes which 
preserve the fully nested structure, it can determine which IS 
bit to reset on EOI. When a Non-Specific command is issued 
the 82C59A will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the highest IS level 


was necessarily the last level acknowledged and serviced. A 
non-specific EOI can be issued with OCW2 (EOI = 1, SL=0, 
R = 0). 


When a mode is used which may disturb the fully nested 
structure, the 82C59A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of In- 
terrupt must be issued which includes as part of the com- 
mand the IS level to be reset. A specific EOI can be issued 
with OCW2 (EOI = 1, SL = 1, R = O, and LO - L2 is the binary 
level of the IS bit to be reset). 


An IRR bit that is masked by an IMR bit will not be cleared by 
a non-specific EOI if the 82C59A is in the Special Mask 
Mode. 


Automatic End of Interrupt (AEOI) Mode 


lf AEO!I = 1 in ICW4, then the 82C59A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 82C59A will automatically perform a non-specific 
EOI operation at the trailing edge of the last interrupt acknow- 
ledge pulse (third pulse in 8080/85, second in 80C86/88/ 
286). Note that from a system standpoint, this mode should 
be used only when a nested multi-level interrupt structure is 
not required within a single 82C59A. 


Automatic Rotation (Equal Priority Devices) 


In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after being 
serviced, receives the lowest priority, so a device requesting 
an interrupt will have to wait, in the worst case until each of 7 
other devices are serviced at most once. For example, if the 
priority and “in service” status is: 


Before Rotate (IR4 the highest priority requiring service) 


Priority 


STATUS 


lowest highest 


After Rotate (IR4 was serviced, all other priorities rotated 
correspondingly) 


Priority 


Status 


highest lowest 


Patt fotzts ts 4 ps | 
pighet lo weet 


There are two ways to accomplish Automatic Rotation using 
OCW2, the Rotation on Non-Specific EOI Command (R = 1, 
SL = 0, EOI = 1) and the Rotate in Automatic EOI Mode 
which is set by (R = 1, SL = 0, EOI = 0) and cleared by 
(R = 0, SL = O, EOI = 0). 
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Specific Rotation (Specific Priority) 


The programmer can change priorities by programming the 
lowest priority and thus fixing all other priorities; i.e., if IR5 is 
programmed as the lowest priority device, then IR6 will 
have the highest one. 


The Set Priority command is issued in OC W2 where: R = 1, 
SL = 1, LO - L2 is the binary priority level code of the lowest 
priority device. 


Observe that in this mode internal status is updated by soft- 
ware control during OCW2. However, it is independent of 
the End of Interrupt (EOI) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command in 
OCW2 (R = 1, SL = 1, EOI = 1, and LO - L2 = IR level to 
receive lowest priority). 


Interrupt Masks 


Each Interrupt Request input can be masked individually by 
the Interrupt Mask Register (IMR) programmed through 
OCW1. Each bit in the IMR masks one interrupt channel if it 
is set (1). Bit O masks IRO, Bit 1 masks IR1 and so forth. 
Masking an IR channel does not affect the operation of 
other channels. 


Special Mask Mode 


Some applications may require an interrupt service routine 
to dynamically alter the system priority structure during its 
execution under software control. For example, the routine 
may wish to inhibit lower priority requests for a portion of its 
execution but enable some of them for another portion. 


The difficulty here is that if an Interrupt Request is acknow- 
ledged and an End of Interrupt command did not reset its IS 
bit (i.e., while executing a service routine), the 8B2C59A 
would have inhibited all lower priority requests with no easy 
way for the routine to enable them. 


vcc 


8080/85 
MODE 


That is where the Special Mask Mode comes in. In the 
Special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables interrupts 
from all other levels (lower as well as higher) that are not 
masked. 


Thus, any interrupts may be selectively enabled by loading 
the mask register. 


The special Mask Mode is set by OCW3 where: ESSM = 1, 
SMM = 1, and cleared where ESSM = 1, SMM = O. 


Poll Command 


In this mode, the INT output is not used or the 
microprocessor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is achieved 
by software using a Poll command. 


The Poll command is issued by setting P = 1 in OCWS. 
The 82C59A treats the next RD pulse to the 82C59A (i.e., 
RD = 0, CS = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the priority 
level. Interrupt is frozen from WR to RD. 


The word enabled onto the data bus during RD is: 


Binary code of the highest priority level 
requesting service. 


I: Equal toa “1” if there is an interrupt. 


This mode is useful if there is a routine command common to 
several levels so that the INTA sequence is not needed (saves 
ROM space). Another application is to use the poll mode to 
expand the number of priority levels to more than 64. 


PERIPHERALS 


TO OTHER PRIORITY CELLS 


oT 
Q 
PRIORITY 
SET RESOLVER 
e@ 
Ct 

CONTROL 
LOGIC 


INTA READ IMR 
pegoatid —— . READ ISR NOTES 
88/286 | | FREEZE READ WRITE MASTER CLR 
MODE | FREEZE ~ IRR MASK 1. Master clear active only during ICW1 
2. Freeze is active during INTA and poll 
sequence only 
3. Truth Table for D-latch 
Cc D Q Operation 
1 O1 D1 Follow 
PRIORITY CELL - SIMPLIFIED LOGIC DIAGRAM 0 X Qn-1 Hold 
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Reading the 82C59A Status 


The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCWS (IRR and ISR) or OCW1 
(IMR). 


Interrupt Request Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be acknow- 
ledged. The highest request level is reset from the IRR when 
an interrupt is acknowledged. IRR is not affected by IMR. 


In-Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The !ISR is 
updated when an End of Interrupt Command is issued. 


Interrupt Mask Register: 8-bit register which contains 
the interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0). 


The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 1). 


There is no need to write an OCWS before every status read 
operation, as long as the status read corresponds with the 
previous one: iLe., the 82C59A “remembers” whether the 
IRR or ISR has been previously selected by the OCWS. This 
is not true when poll is used. In the poll mode, the 82C59A 
treats the RD following a “poll write” operation as an INTA. 
After initialization, the 82C59A is set to IRR. 


For reading the IMR, no OCWS is needed. The output data 
bus will contain the IMR whenever RD is active and AO = 1 
(OCW1). Polling overrides status read when P = 1, RR = 1 
in OCWS. 


Edge and Level Triggered Modes 
This mode is programmed using bit 3 in ICW1. 


lf LTIM = “O”, an interrupt request will be recognized by a 
low to high transition on an IR input. The IR input can remain 
high without generating another interrupt. 


if LTIM = “1”, an interrupt request will be recognized by a 
“high” level on an IR input, and there is no need for an edge 
detection. The interrupt request must be removed before the 
EOI command is issued or the CPU interrupt is enabled to 
prevent a second interrupt from occurring. 


The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
82C59A. Be sure to note that the request latch is a transpar- 
ent D type latch. 


In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first INTA. 
If the IR input goes low before this time a DEFAULT IR7 will 
occur when the CPU acknowledges the interrupt. This can 
be a useful safeguard for detecting interrupts caused by 
spurious noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for “clean up” simply execut- 
ing a return instruction, thus ignoring the interrupt. If IR7 
is needed for other purposes a default IR7 can still be 
detected by reading the ISR. A normal 1R7 interrupt will set 
the corresponding ISR bit, a default IR7 won't. If a default 
IR7 routine occurs during a normal IR7 routine, however, 
the ISR will remain set. In this case it is necessary to keep 
track of whether or not the IR7 routine was previously 
entered. If another IR7 occurs it is a default. 


In power sensitive applications, it is advisable to place the 
82C59A in the edge-triggered mode with the IR lines 
normally high. This will minimize the current through the 
internal pull-up resistors on the IR pins. 


80C86/88/286 
8080/85 


IR 
een: ee See 


INT 
INTA 
LATCH* LATCH* 
ARMED ARMED 
EARLIEST IR 
CAN BE 
REMOVED 


80C86/88/286 
8080/85 LATCH* 
ARMED 


*EDGE TRIGGERED MODE ONLY 


IR TRIGGERING TIMING REQUIREMENTS 
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The Special Fully Nested Mode 


This mode will be used in the case of a big system where 
cascading is used, and the priority has to be conserved 
within each slave. In this case the special fully nested mode 
will be programmed to the master (using ICW4). This mode 
is similar to the normal nested mode with the following 
exceptions: 


a. When an interrupt request from a certain slave is in 
service, this slave is not locked out from the master’s 
priority logic and further interrupt requests from higher 
priority IRs within the slave will be recognized by the 
master and will initiate interrupts to the processor. (In the 
normal nested mode a slave is masked out when its 
request is in service and no higher requests from the 
same slave can be serviced. 


b. When exiting the Interrupt Service routine the software 
has to check whether the interrupt serviced was the only 
one from that slave. This is done by sending a non- 
specific End of Interrupt (EO!) command to the slave and 
then reading its In-Service register and checking for 
zero. If it is empty, a non-specified EOI can be sent to the 
master, too. if not, no EO! should be sent. 


Buffered Mode 


When the 82CS59A is used in a large system where bus 
driving buffers are required on the data bus and the 
cascading mode is used, there exists the problem of 
enabling buffers. 


The buffered mode will structure the 82C59A to send an 
enable signal on SP/EN to enable the buffers. In this mode, 
whenever the 82C59A’s data bus outputs are enabled, the 
SP/EN output becomes active. 


This modification forces the use of software programming 
to determine whether the 82C59A is a master or a slave. Bit 
3 in ICW4 programs the buffered mode, and bit 2 in ICW4 
determines whether it is a master or a slave. 


Cascade Mode 


The 82C59A can be easily interconnected in a system of 
one master with up to eight slaves to handle up to 64 priority 
levels. 


The master controls the slaves through the 3 line cascade 
bus (CAS2 - 0). The cascade bus acts like chip selects to 
the slaves during the INTA sequence. 


In a cascade configuration, the slave interrupt outputs (INT) 
are connected to the master interrupt request inputs. 
When a slave request line is activated and afterwards 
acknowledged, the master will enable the corresponding 
slave to release the device routine address during bytes 
2 and 3 of INTA. (Byte 2 only for 80C86/88/286). 


The cascade bus lines are normally low and will contain the 
slave address code from the leading edge of the first INTA 
pulse to the trailing edge of the last INTA pulse. Each 
82C59A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for the 
master and once for the corresponding slave. Chip select 
decoding is required to activate each 82C59A. Note: Auto 
EOI is supported in the slave mode for the 82C59A. 


The cascade lines of the Master 82C59A are activated only 
for slave inputs, non-slave inputs leave the cascade line 
inactive (low). Therefore, it is necessary to use a slave 
address of O (zero) only after all other addresses are used. 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS oe 


Ao 07-00 INTA - 
SLAVE A 82C5S9A 


SP/EN 


Ag 07-Do INTA 


alee alle 


SLAVE B 


7 6 § 4 3 2 


D7-Do INTA 

CAS 0 

cas 1 }—41+-] cas 3 
Gas 6 

CAS 2 


SP/EN 


MASTER 82C59A 


7 6 5&5 4 3 2 


INTERRUPT REQUESTS 


CASCADING THE 82C59A 
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Absolute Maximum Ratings | Reliability Information 


Supply Volag6 5. dsra os haat ods eu hae wave ao aes +8.0V Thermal Resistance Big We 
Input, Output or I/O Voltage .............GND-0.5V to Voc+0.5V Ceramic DIP Package........ oo. 47°CW 10°C/W 
Storage Temperature Range ....... pRenwe es .. 65°C to +150°C Ceramic LCC Package ........ .. ~ §3°C/W ‘6c 
Junction Temperature................ eT ee ee +175°C Maximum Package Power Dissipation at +125°C 
Lead Temperature (Soldering 10s)......... beet eee eee +300°C = Ceramic DIP Package .......... cece cece cee ceceeees 1.08W 
ESD Classification ........ ccc cc ccc ccc vc ccrcacccces Class 1 Ceramic LCC Package Statins teste 2 Nee tthe alent bs atess 932mW 
| Gale COUN ovicce iu cdu wer daaetanyase see eee 1250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions : | 

Operating Voltage Range............. pica neat +4.5V to+5.5V Operating Temperature Range 
CB82C59A ie cs Sosa eee enew see Meustesvaes 0°C to +70°C 
IB2C59A..... (SLA Ee deeerae ha seaaeeuwas -40°C to +85°C 
MEZCOIA p56. cao otus caine ee tea aeons s -55°C to +125°C 


DC Electrical Specifications VCC = +5.0V +10%, Ty = 0°C to +70°C (C82C59A), Ta = -40°C to +85°C (I82C59A), Ta = -55°C to 
+125°C (M82C59A) 


Logical One Input Voltage | 


Logical Zero Input Volage a 


Output HIGH Voltage VV hae ecetionrteeniacineniied = -2.5mA 
bee a 4 IOH = -100nA 


input Leakage Current 


ILIR IR Input Load Current 
ICCSB Standby Power Supply = , = 
Current ’ 
ICCOP Operating Power Supply A/MHz | VCC =5.0V, CLK FREQ = 5MHz, VIN = VCC 
Current or GND, Outputs Open, T, = +250C, (Note 2) 
NOTES: | 


1. Except for IRO - IR7 where VIN = VCC or open. 
2. ICCOP = 1mA/MHz of peripheral (oaeiwile cycle time, (ex: 1.0ps 1/0 readiwrita cycle time = 1mA). 


VOL Output LOW Voltage IOL = +2.5mA 


Capacitance T, = +25°C 


[soc pananeren 
I loan NE BI 
[corr [ovpacacmres [sf 
Ce 


TEST CONDITIONS | 


FREQ = 1MHz, all measurements reference to 
device GND. 
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AC Electrical Specifications VCC = +5.0V +10%, GND = OV, T, = 0°C to +70°C (C82C59A), Ta = -40°C to +85°C (I82C59A), 
T, = -55°C to +125°C (M82C59A) 


82C59A -5 82C59A 82C59A -12 


TEST 
CONDITIONS 


SYMBOL PARAMETER 


TIMING REQUIREMENTS 


(1)TAHRL AO/ICS Setup to RO/INTA 
(2) TRHAX AO/CS Hold after RD/INTA 


(3)TRLRH RD/INTA Pulse Width 
(4)TAHWL AO/CS Setup to WR 


F: 


2 
~=———_ 


HAX | AO/GS Hold after WR eS ot 
(6)TWLWH | WR Pulse Width Fe] | 60 
(7)TDVWH Data Setup to WR 


(8)TWHDX —_‘| Data Hold after WR za 


re 


(9)TJLJH Interrupt Request Width Low) 

(10) TCVIAL Cascade Setup to Second or Third 
INTA Slave Only) 

(11)TRHRL =| End of RD to next RD, End of INTA 
within an INTA sequence only 


(12)TWHWL | End of WR to next WR 


(13)TCHCL* End of Command to next command 


not same command type), End of INTA 


sequence to next INTA sequence 


TIMING RESPONSES 


(14)TRLDV Data Valid from RD/INTA 
(15)TRHDZ | Data Float after RD/INTA 
(16) TJHIH Interrupt Output Delay 


(17)TIALCV Cascade Valid from First INTA 
(Master Only) 


Ce [= 


* Worst case timing for TCHCL in an actual microprocessor system is typically greater than the values specified for the 82C59A. 
(i.e. 8085A = 1.6s, 8085A -2 = ips, 80C86 = 11s, 80C286 -10 = 131ns, 80C286 -12 = 98ns) 


(21)TCVDC 
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A.C. Test Circuit 


82C59A 


OUTPUT FROM 
DEVICE UNDER 
TEST 


TEST 
POINT 


Ci* R2 


y 


* Includes Stray and Jig Capacitance | 


TEST CONDITION DEFINITION TABLE 


[conten | ve [im | ae | or 
ee oe 
re ee 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
VIH - 0.4V VOH 
1.5V 1.5V 
VIL - 0.4V VOL 


A.C. Testing: All input signals must switch between VIL - 0.4V and VIH + 0.4V. Input rise and fall 


times are driven at 1ns/V. 
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82C59A 


Timing Waveforms a 


WRITE ———e ; 
enw ; Weak 
ts ees 
ra a 
A 
Qo (7) (8) 
TOVWH TWHDOX 


— 3 
READ/INTA RDANTA eerie 
(19) 
pao TRHEH 
EN rf 
TAHAL TAHAX 
cs nee ete a) 
Ao (14) (15) 
TRLDV TRHDZ 
(20) 
TAHDV 
OTHER TIMING RD 
INTA (11) 
TRHRL 
WR 
(12) 
RD TWHWL 
INTA 
WR (13) 
— TCHCL 
RD 
INTA 
WR 
iene (16) 
INTA SEQUENCE 2 TJHIH 
(9) aie SEE NOTE 3 SEE NOTE 4 
TJLJH 
INTA 
SEE NOTE 1 ———~ 4 
incase DD ae 
TCVIAL 
cee fJ_ | 7 NN 
a Fa 
a Fa 
NOTES: 
1. Interrupt Request (IR) must remain HIGH until leading edge of first INTA. 3. 80C86/88/286 mode. 
2. During first INTA the Data Bus is not active in 80C86/88/286 made. 4. 8080/8085 mode. 
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CMOS 
PERIPHERALS 


82C59A 


Burn-in Circuits 


MD82C59A CERAMIC DIP 
GND Fy 28] vec 
WR aie a AO Ct 
_ BI ELE = a 
p7 RIT 25} 82 AWA 17 
- as re ~ 
Ds any 2a} IRS 
D4 RA raa}R2 IR4 
D3 an ry a1} 22 IR3 
D2 aN ry 0] —B2 is vec 
ry all 9}-22 IR1 
Do a 4] te}? IRO = 
CAS 0 BS al A ‘ 
CAS 1 ne 3 re] Sb/EN Ra 
GND 14 is} CAS 2 
MR82C59A CERAMIC LCC 
vec C1 
D7 RD WR GND| AO INTA 
R17R1.R1 ER1 Ri R1 
oe Et R2 
ps R2 ine 
pa Pp? ins 
p3 R2 ina 
pe N=. Rs 
pi R2 Re 
po 2 R2 int 


| haat UE deake I ete I conte BE tate IE tate BE hehe | 
a ‘ 44.4! 145! 146! 147! "49 


R1{R1 R*|R1/R4] R2 


or N So 
342 Glee 2 
q<qog<a" Go 
0 O O ja 9 

“a > 


NOTES: 

VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 
VIL = -0.2V to 0.4V 
GND = 0V 

R1 = 47kQ + 5% 
R2 = 5102+ 5% 
R3 = 10kQ + 5% 
R4 = 1.2kQ + 5% 
C1 = 0.01pF min 
FO = 100kHz + 10% 
Fit =F0/2,F2=Fi/2,....F8 = F7/2 
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82C59A 


Metallization Topology 


DIE DIMENSIONS: 
154.3 x 173.2 x 19+ imils 


METALLIZATION: 
Type: Si - AL 
Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: BkA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.64 x 10° A/cm? 


Metallization Mask Layout 
82C59A 


D7 RD WR CS”~ vcc AO INTA 


= vgs 
ake 


— 
ry ml 
—- I 


: a ee z= 


re ne LA ee al Tae ar ins, 4 


fs 


IR7 


dua iit EXGES Bite simian piper 

saat =n 
ete | 
ally ty (aL ENE Sin iii crime ~ me sd me ate ee IR6 
We ee | 

iattnt Tactical leit ke Th aan a , 
} = ooeeee san 

ifidde.ca: PMLA ANT A ae | 
: (a 

me Vili’ “ah ‘a Cate later Mi aaa vil me) Et 
Se UT a FL aw OL 3 
Feet aa mls Aube Fal aes WAT aff 


CMOS 
PERIPHERALS 


aan ee 
Eee 


IRS 


pasbe : a 
an ios A mT | we Ln abt ih 5 HES iS SA f7,5 : IR 


<5) | Nie ‘ali ogre re nF TEE LN ie mes 


be nasi! Ket ere ae is iit Sr llad : eas es 
the ee is e = 7k i pre i IRS 


ww AS ne en 


Hs a ies AA Se Sore — a 


i — = ——_——=— a 
ne oA. oa Ia 


lite aL tn Vat Bb i the ve -1t- eating Une 
ie | it: wen Par _ a . IR2Q 
— a 
IR1 


a sco Tan is 
i Lirias int 


CASO CAS1 GND CAS2 SP/EN INT IRO 
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FARRIS 


SEMICONDUCTOR 


82C82 


CMOS Octal Latching Bus Driver 


aD 


February 1992 
Features Description 
¢ Full Eight-Bit Parallel Latching Buffer The Harris 82C82 is a high performance CMOS Octal Latch- 
» Bipolar 8282 Compatible ing Buffer manufactured using a self-aligned silicon gate 


Three-State Noninverting Outputs 
¢ Propagation Delay ....................- 35ns Max. 


¢ Gated Inputs: 
- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors 


Single 5V Power Supply 
¢ Low Power Operation .............. ICCSB = 10HA 


Operating Temperature Ranges 
ae © «(61 : / ae ee a ee 0°C to +70°C 


= 182C82...... weet e tee ence cence s “40°C to +85°C 
- MB2CB2 .. 1... eee eee - +. 55°C to +125°C 


Pinouts 


20 LEAD DIP 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


20 LEAD PLCC AND LCC 
TOP VIEW 


CMOS process (Scaled SAJI IV). The 82C82 provides an 
eight-bit parallel latch/ouffer in a 20 pin package. The active 
high strobe (STB) input allows transparent transfer of data 
and latches data on the negative transition of this signal. The 
active low output enable (OE) permits simple interface to 
state-of-the-art microprocessor systems. 


Ordering Information 


TEMPERATURE 
RANGE ORDER CODE 


5 


PLCC 


Ceramic DIP 


-55°C to +125°C MD82C82/B 
8406701RA 


-55°C to +125°C MR82C82/B 
84067012A 


LCC 
SMD # 


TRUTH TABLE 


H = Logic One 

L = Logic Zero 

X = Don’t Care 

: = Latched to Value of Last 

Data 
Hi-Z = High Impedance 
4 — =Neg. Transition 
. PIN NAMES 

| PIN | DESCRIPTION 
| DIO-DI7 Data Input Pins 
Data Output Pins 


Active High Strobe 


Active Low Output 
Enable 
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File Number 2975 


Functional Diagram 


Coe 
D Qo 5 
| 


g 
i) 


J 
~l 


Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal be- 
comes high impedance (‘‘float” condition), it could create an 
indeterminate logic state at the input and cause a disruption 
in device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device 
is disabled (OE = logic one for 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 
ground power supply pins by turning off the upper 
P-channel and lower N-channel (see Figures 1, 2). No new 
current flow from VCC to GND occurs during input transi- 
tions and invalid logic states from floating inputs are not 
transmitted. The next stage is held to a valid logic level 
internal to the device. 


Vcc VCC 
r=) 
N 
STB 
INTERNAL 
DATA IN DATA 


FIGURE 1. 82C82/83H 


O 
N 


D.C. input voltage levels can also cause an increase in ICC 
if these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi- 
tion will occur only during the time the device is in the trans- 
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10mA during the 
time inputs are disabled, thereby greatly reducing the 
average power dissipation of the 82C8X series devices. 


Typical 82C82 System Example 


In a typical 80C86/88 system, the 82C82 is used to latch 
multiplexed addresses and the STB input is driven by ALE 
(Address Latch Enable) (see Figure 3). The high pulse width 
of ALE is approximately 100ns with a bus cycle time of 
800ns (80C86/88 @ 5MHz). The 82C82 inputs are active 
only 12.5% of the bus cycle time. Average power dissipation 
related to input transitioning is reduced by this factor also. 


vcc 


OE 
INTERNAL 
DATA IN DATA 
vcc 
P 
N 


FIGURE 2. 82C86H/87H GATED INPUTS 
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PERIPHERALS 


82C82 


Application Information 
Decoupling Capacitors 


The transient current required to charge and discharge the 
S300pF load capacitance specified in the 82C82 data sheet 
is determined by 


| = CL (dv/dt) 


Assuming that all outputs change state at the same time 
and that dv/dt is constant; 


l= CL 
(VCC x 80%) 
tR/tF 


where tR = 20ns, VCC = 5.0V, CL = 300pF on each of eight 
outputs. 

| = (8 x 300 x 10712) x (5.0V x 0.8)/(20 x 1079) 

= 480mA 


ALE | ae ere Eee 


MULTI - 
PLEXED ADDRESS { __ _~XKADDRESS 
BUS 


This current spike may cause a large negative voltage spike 
on VCC, which could cause improper operation of the 
device. To filter out this noise, it is recommended that a 
O.iuF ceramic disc decoupling capacitor be placed 
between VCC and GND at each device, with placement 
being as near to the device as possible. 


vcc vcc 
Pp 
N 
STB 
DATA IN INTERNAL 


DATA 


FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 
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Specifications 82C82 


Absolute Maximum Ratings Reliability Information 

SuDpIY VoOllage hess. picicind bauainwawiaraue be pies warde eens +8.0V Thermal Resistance ................ Gia 8c 

Input, Output or /O Voltage Para a ee eee ere ae GND-0.5V to Vect0.5V Ceramic DIP Package rr eee eee 79°C/W 20°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 76°C/W 19°C/W 

Junction Temperature... 0... 0... cece eee eee eens +175°C — Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).............++..05- +300°C = Ceramic DIP Package ....... 0.6... cece ee eee eee aes 638mW 

ESD Classification enriches eleva) diel Ber belt 6 pare. Bue S euee Nese: fee) eel Class 1 Ceramic LCC Package te hte Neel aoc et AAs as ta hcl ay ea or Saas 664mW 
Gate Count. 5604 settee tude jie ee eeaaa nes 65 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................008. +4.5V to +5.5V Operating Temperature Range 
C8268? 55 Sy ses so eee Meee lowered: & Staats 0°C to +70°C 
B22 isi k swig en arn ere ai aren aw eran aos -40°C to +85°C 
MECC! iat witAd iach eee baen es ioe arian -55°C to +125°C 
DC Electrical Specifications VCC = 5.0V+10%; = Ty = 0°C to +70°C (C82C82); 
Ta = -40°C to +85°C (182C82); 
Ta = -55°C to +125°C (M82C82) 


SYMBOL PARAMETER UNITS TEST CONDITIONS 
a C82C82, 182C82 (Note 1) 


V 
v 


Logical One Input Voltage 


Logical Zero Input Voltage 


Logical One Output Voitage 


Loe IOH = -8mA, OE = GND 
IOH = -100pA, OE = GND 


i 
a 
Peon 
= 


Input Leakage Current p10 VIN = GND or VCC, DIP Pins 1-9, 11 


4 
Output Leakage Current -10.0 10.0 yA VO = GND or VCC, OE 2 VCC -0.5V 
| DIP Pins 12-19 
iCCSB Standby Power Supply Cur- ae ht VIN = VCC or GND, VCC = 5.5V, Outputs Open 
rent . 
ICCOP Operating Power Supply pa mA/MHz | Ty, = +25°C, VCC = 5V, Typical (See Note 2) 
Current 


NOTES: 


1. VIH is measured by applying a pulse of magnitude = ViHmin to 2. Typical ICCOP = 1mA/MHz of STB cycle time. (Example: 5MHz 
one data input at a time and checking the corresponding device pP, ALE = 1.25MHz, ICCOP = 1.25mA). 
output for a valid logical “1” during valid input high time. Control 
pins (STB, OE) are tested separately with all device data input 
pins at VCC -0.4 


Capacitance T, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
Input Capacitance 
COUT Output Capacitance 


Freq = 1MHz, all measurements are 
referenced to device GND 


a eo 
a 
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Specifications 82C82 


AC Electrical Specifications vcc = 5.0V+10%; Ty = 0° to +70°C (C82C82); 
C, = 300pF*, Freq = 1MHz T, = -40°C to +85°C (182C82); 
T, = -55°C to +125°C (M82C82) 


a 
RS 
[a Teo [Peneweromwemoma| 
=f 
= 
es 


(6) TSLIX Input to STB Hold Time 
(7) TSHSL STB High Time 
| (8) TR, TF Input Rise/Fall Times 


“Output load capacitance is rated at 300pF for ceramic and plastic packages. 
NOTES: 


1. All AC parameters tested as per test circuits and definitions 2. Input test signals must switch between VIL - 0.4V and VIH +0.4V. 
below. Input rise and fall times are driven at 1ns/V. 


Timing Waveforms | 
TR, TF (8) 


2.0V 


TIVSL (5) | TSLIX 
(6) 


STB , 
TSHSL (7) 
OE 
TIVOV 
(1) TEHOZ (3) 


VOH -0.1V 
VOL +0.1V 


— =|  TSHOV (2) 


Test Load Circuits 
1.7V 0.6V _ 3.3V — 
1500 3002 300Q 
TEST TEST ee) 
OUTPUT POINT OUTPUT POINT OUTPUT POINT 
300pF* SOpF* SOpF* 
TIVOV, TSHOV, TELOV TEHOZ OUTPUT HIGH DISABLE TEHOZ OUTPUT LOW DISABLE 


* Includes stray and jig capacitance 
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82C82 


Burn-In Circuits 


MD 82C82 CERAMIC DIP 
vec 
C1 
R 
F2 ——! a 20] 
Ry 
F2 2 19] A 
ange | ral A 
R 
F2 — 4 | A 
F2 —" rs | Te] A 
R 
rF2 — Fé | 15) A vcc 
R 
F2 — 14 A Rp 
R 
F2 — rg | 3) A 
R A 
Fo —— 9 | 12 | A 
Ry Ro 
10] 44 F1 
\/ 
MR 82C82 CERAMIC LCC 
vec C1 
F2 F2 F2 VCC/ 2 a 
nx 
Rs [Rs [Rs Rg O Wy 
5 a 
[6 a 
TT] 
a. 
R ~ Rs 
F2 —— 4 1 vec! 2 
R - Rg 
F2 ——2 5 1 : VCC/ 2 
ro 8 ‘+ : VCC/ 2 
R = Rg a 
i 3 71 VCC/2 | 
R - R3 
F2 ——> 8 1 vcc/2 


Fo \V/ Fi vec/2 


NOTES: 

VCC = 5.5V + 0.5V, GND = OV 
VIH = 4.5V + 10% 

VIL = -0.2V to 0.4V 

R, = 47kQ + 5% 

Ro = 2.0kQ + 5% 

Rg = 4.2kQ + 5% 

R, = 470kQ + 5% 

C1 = 0.01pF minimum 
FO = 100kHz + 10% 
Fi = F0/2, F2 = F1/2 


4-261 


82C82 


Metallization Topology 


DIE DIMENSIONS: 
118.1 x 92.1 x 19+ 1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
2.00 x 10° A/cm? 


Metallization Mask Layout 
82C82 


vcc DOO DO1 


| 
DEOL RURURDADIUDU IR ESEIU EL UN AODURINOLUREODOROLO ROL 


DI2 


| p02 


est UU ini St 
; a fi 4 
4. = 
7 ST eUUATTINIL) 
i Siri TAKE 
1 ui —— 


Fut | 
UU Lg | 


I [ 
rie Hue uibnlt 
pis on iW 


miiewwninin| a po4 


DIZ 


UU cout TU 

oti Pee nuit 
sie =a | 
A eg lees } BC ae 
a TEN 


‘| 


DIS 


Dié von 
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Sopot 82C83H 


CMOS Octal Latching 


tt 


February 1992 Inverting Bus Driver 
Features Description 
¢ Full Eight-Bit Parallel Latching Buffer The Harris 82C83H is a high performance CMOS Octal 


Latching Buffer manufactured using a self-aligned silicon 
° Bipolar 6283 Compatible gate CMOS process (Scaled SAJI IV). The 82C83H provides 
¢ Three State Inverting Outputs an eight-bit parallel latch/buffer in a 20 pin package. The 
active high strobe (STB) input allows transparent transfer of 


¢ Propagation Delay .............-..--.++- 25ns Max gata and latches data on the negative transition of this 
e Gated Inputs: signal. The active low output enable (OE) permits simple 
interface to microprocessor systems. The 82C83H provides 

- Reduce Operating Power inverted data at the outputs. 


- Eliminate the Need for Pull-up Resistors . . 
E Ordering Information 


e Single 5V Power Supply 
TEMPERATURE 
¢ Low Power Operation RANGE ORDER CODE 
we NOCSE et niet dwete thd Ovene ese CORA ae 10mA Plastic DIP 0°C to +70°C CP82C83H 
¢ Operating Temperature Ranges -40°C to +85°C IP82C83H 
~ CB82C83H ... occ cece cece cence eee 0°C to +70°C | PLCC CS82C83H_ 
~ 1B2CBSH.. cece ccc e cece cee -40°C to +85°C | -40°C to +85°C = |: 1S82C83H 
- M82C83H...........-.-eeeceeee -55°C to +125°C | Ceramic DIP 0°C to +70°C CD82C83H 3 
-40°C to +85°C |: 1D82C83H || ee 
-55°C to +125°C | MD82C83H/B =x 
8406702RA pase 
} wi 
LCC -55°C to +125°C | MR82C83H/B | «a 
Pinouts 
chan ete 20 LEAD PLCC AND LCC 
TOP VIEW 
Oo) ~ °o 9 S 
nn -e| 
13} $2} [4] f2o} f19) 


BO. 
Dis Le) a H = Logic One Hi-Z = High Impedance 
ot, [5 7] Bo, L = Logic Zero 1 = Neg. Transition 
X = Don’t Care 
Dis {6 16} Bo, * = Latched to Value of Last Data 
Dig 115] 50, 
nla ral BS, PIN NAMES 


(re eescnron 
[ooo [mteati ——— 
[SE_[nwtororwaene 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2971 
Copyright © Harris Corporation 1992 4-263 


82C83H 


Functional Diagram 


| Dio | D Qhol> Ge 
| LeLK ! 
[O11 — [DOT 
Bi2 | pope! sere 
[DI3 ee a |oO3 
eee ae 
| DIS | eee ST [DOS 
| Re a Ges 
DI7 poor a DO7 
A AN 
STB | OE | 
Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device. inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
Vcc and GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal 
becomes high impedance (‘“float’” condition), it could create 
an indeterminate logic state at the inputs and cause a 
disruption in device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device 
is disabled (OE = logic one for the 82C86H/87H). These 
gated inputs disconnect the input circuitry from the Voc 
and ground power supply pins by turning off the upper 
P-channel and lower N-channel (See Figures 1 and 2). No 
current flow from Vcc to GND occurs during input 
transitions and invalid logic states from floating inputs are 
not transmitted. The next stage is held to a valid logic level 
internal to the device. _ 


vcc 


vec 


STB 


INTERNAL 


DATA IN DATA 


FIGURE 1. 82C82/83H 


D.C. input voltage levels can also cause an increase in ICC 
if these input levels approach the minimum Viv or maximum 


Vi_ conditions. This is due to the operation of the input 


circuitry in its linear operating region (partially conducting 


state). The 82C8X series gated inputs mean that this 
condition will occur only during the time the device is in the 
transparent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10yA during the 
time inputs are disabled, thereby greatly reducing the 
average power dissipation of the 82C8X series devices. 


vcc 


OE 
DATA IN ae 
vec 
P 
N 


FIGURE 2. 82C86H/87H GATED INPUTS 


Decoupling Capacitors 
The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C83H data 
sheet is determined by 

| = Cr (dv/dt) 
Assuming that all outputs change state at the same time 
and that dv/dt is constant; 


(VCC x 80%) 


i=Cc, --——-—-—— 
where tR = 20ns, Vcc = 5.0V, CL = 300pF on each eight 
outputs. 


| =(8x300x 10712) x (5.0V x 0.8)/(20 x 1079) = 480mA 


This current spike may cause a large negative voltage spike on 
Voc which could cause improper operation of the 
device. To filter out this noise, it is recommended that a 0.1 uF 
ceramic disc capacitor be placed between Voc and GND at 
each device, with placement being as near to the device as 
possible. 


Ae eee ee 


MULTI - 
PLEXED ADDRESS < ss KX ADDRESS 
BUS 


vcc 


STB 


INTERNAL 


DATA IN DATA 


FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 
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Specifications 82C83H 


Absolute Maximum Ratings Reliability Information 

Supply Voltage... 0... ccc eee eee cece eee eee +8.0V Thermal Resistance Oia Bi 

Input, Output or VO Voltage ............. GND-0.5V to Vec+0.5V _ Ceramic DIP Package............. 70°C/W 15°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 76°C/W 19°C/W 

Junction Temperature... 6... ee tee ee eee +175°C Maximum Package Power Dissipation at +1 25°C 

Lead Temperature (Soldering 10s).................... +300°C Ceramic DIP Package ........... 0 cece cece eee eee 720mW 

ESD Classification ee ee ee ee ee ee ee ee ee Class 1 Ceramic LCC Package IE eH hag 2 Rae a Date oh aaa dn ae hae 664mW 
GBtS COUN 6c cei ha GOS RR eae sien pete 265 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.............. 00. e eee +4.5V to +5.5V Operating Temperature Range 
CB20 GSH oa c5.b incite ds ce tabi ad cere eta ws 0°C to +70°C 
WO2COS oss oe seawater ee ee tase new ean -40°C to +85°C 
MS2C63H osc. c sore a cower eo eens -55°C to +125°C 


DC Electrical Specifications Voc = 5.0V + 10%; T, = 0°C to +70°C (C82C83H); 
Ta = -40°C to +85°C (182C83H); 
Ty = -55°C to +125°C (M82C83H) 


Logical One Input Voltage 


Logical Zero Input Voltage 


Logical One Output Voltage lon =-8MA, 
lon = -100mA, OE = GND 


Logical Zero Output Voltage lo = 20mA, OE = GND 


Input Leakage Current Vin = GND oF Veo, DIP Pins 1-9, 11 


Output Leakage Current Vo = GND or OE 2 Veg -0.5V 
DIP Pins 12-19 
ICCSB Standby Power Supply Current Vin = Voc or GND 
Vec = 5.5V Outputs Open 
iCCOP Operating Power Supply Current mA/ Ty = +25°C, Voc = 5V, Typical 
MHz (See Note 2) 


NOTES: 
1. Vi is measured by applying a pulse of magnitude = Virimin, to one 2. Typical ICCOP = 1mA/MHz of STB cycle time. (Example: 5MHz 
data input at a time and checking the corresponding device pP, ALE = 1.25MHz, ICCOP = 1.25mA). 


output for a valid logical “1” during valid input high time. Control 
pins (STB, OE) are tested separately with all device data input 
pins at Voc -0.4V. 


Capacitance T, = +25°C 


SYMBOL PARAMETER TYPICAL | UNITS | TEST CONDITIONS 
Input Capacitance oe ae oe FREQ = 1MHz, all measurements are 
; 
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Specifications 82C83H 


AC Electrical Specifications Vcc = 5.0V + 10%; C, = 300pF*, FREQ = 1MHz 


Ta = 0°C to +70°C (C82C83H); 


Ts -40°C to +85°C (I82C83H); 
Ta = -55°C to +125°C (M82C83H) 
: 


See Notes 1, 2 
(8) TR, TF Input Rise/Fall Times See Notes 1, 2 
* Output load capacitance is rated 300 pF for both ceramic and NOTES: 


plastic packages 1. All A.C. Parameters tested as per test load circuits. input rise and 
fall times are driven at 1ns/V. 


2. Input test signals must switch between V,, -0.4V and V,,, +0.4V. 


LIMITS 


TEST CONDITIONS 


me [een 
Tm [stone 
ee 
ec 
ee 
= 
= 
= 


PARAMETER 


45 


See Notes 1,2 | 
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Timing Waveform 


TR, TF (8) 


2.0V 


TIVSL (5) | TSLIX 
(6) 


aN 


STB 
TSHSL (7) 
OE 
ad TEHOZ (3) —>- 


VOH -0.1V 
a > a 
VOL + 0.1V 


——|  TSHOV (2) 


All timing measurements are made at 1. 5V unless otherwise noted. 


Test Load Circuits 


v) 
ol 
2.27V 1.5V < 
x 
uJ 
js 
9102 18022 a. 
cc 
TEST TEST ul 
OUTPUT Sante OUTPUT Lah nu 
300pF* : 300pF* aa 
TIVOV, TSHOV TELOV OUTPUT HIGH ENABLE 
1.5V 2.27V 
512 91£2 
TEST TEST 
OUTPUT POINT OUTPUT POINT 
300pF* an SOpF* an 
TELOV OUTPUT LOW ENABLE TEHOZ OUTPUT LOW/HIGH DISABLE 


*includes jig and stray capacitance 


4-267 


82C83H 


Burn-In Circuits 
MD82C83H CERAMIC DIP 


VCC 
sie | | ee 
F2 a 20 a 
R14 
F2 2 19 A 
R1 
FO Ej 18] A 
R1 
F2 4 | A 
R14 
F2 5 | 16 A 
R14 
F2 6 15 A 
R14 
F2 14] A 
R14 
F2 8 13] A Pl 
R1 
FO 9 | 42 = A 
10 41] F1 
\/ 
MR82C83H CERAMIC LCC 
vcc C1 
F2 F2 F2 “we 
R4/R4 R4 R4 
R4 
F2 
R4 
F2 
R4 VCC 
F2 a 
R4 
F2 
R4 
F2 
R3 R3 R4 
NOTES: 
VCC = 5.5V + 0.5V GND = OV Fo VFI VCC 
VIH = 4.5V + 10% 2 


VIL = -0.2 to 0.4V 

R1 = 47kN + 5% 

R2 = 2.0kN + 5% 

R3 = 1.0kN + 5% 

R4 = §.0kN + 5% 

C1 = 0.01pF Minimum 

FO = 100kHz + 10% 

F1 = FO/2, F2 = F1/2, F3 = F2/2 
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Metallization Topology 


DIE DIMENSIONS: 
138.6 x 155.5x19+41 mils 


METALLIZATION: 
Type: Silicon ~ Aluminum 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: SiOg 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy (LCC has Gold 
Preform) 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
2.0 x 105 A/cm2 


Metallization Mask Layout 
82C83H 


DI2 Dit DIO vcc DOO 
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ee 
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PERIPHERALS 


DO2 


DI3 


DO3 
bDl4 


sane po 
Bat ; ate : : a ; i" | 4 : a es if Ee ne ; 
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FARRIS 


SEMICONDUCTOR 


82C84A 


CMOS Clock Generator Driver 


aD 


February 1992 


Features 


¢ Generates the System Clock For CMOS or NMOS 
Microprocessors 


Up to 25MHz Operation 


e Uses a Parallel Mode Crystal Circuit or External 
Frequency Source 


¢ Provides Ready Synchronization 


¢ Generates System Reset Output From Schmitt Trigger 
Input 


¢ TTL Compatible Inputs/Outputs 


¢ Very Low Power Consumption 


| TEMPERATURE 
RANGE ORDER CODE 


| Ceramic DIP 


Description 


The Harris 82C84A is a high performance CMOS Clock 
Generator-driver which is designed to service the require- 
ments of both CMOS and NMOS microprocessors such as 
the 80C86, 80C88, 8086 and the 8088. The chip contains a 
crystal controlled oscillator, a divide-by-three counter and 
complete “Ready” synchronization and reset logic. 


Static CMOS circuit design permits operation with an exter- 
nal frequency source from DC to 25MHz. Crystal controlled 
operation to 25MHz is guaranteed with the use of a parallel, 
fundamental mode crystal and two small load capacitors. 


All inputs (except X1 and RES) are TTL compatible over 
temperature and voltage ranges. 


Power consumption is a fraction of that of the equivalent 
bipolar circuits. This speed-power characteristic of CMOS 
permits the designer to custom tailor his system design with 
respect to power and/or speed requirements. 


Past OP 
-40°C to +85°C 
SSC to 25 
255°C to +125°C 


PLCC | 


- SMDE 


e Single 5V Power Supply 
¢ Operating Temperature Ranges ae 
- C82C84A....... iS Seren elatee was esate 0°C to +70°C 
|: 4 6°. Ven ge -40°C to +85°C 
- M82C84A............ state iaca eevee -55°C to +125°C © 
Pinouts 
18 LEAD DIP 
TOP VIEW 


20 LEAD PLCC AND LCC 
| TOP VIEW 


Rov1 | 4! 
READY | § 
- RDY2 
AEN2 

nc [s} 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper LC. Handling Procedures. File Number 


Copyright © Harris Corporation 1992 | 4-270 


2974 


Functional Diagram 


aD 
m 
0) 


N10 [OO [@ [=~ 


82C84A 


a a 


ASYNC 1 Stage Ready 2 Stage Ready 
Synchronization Synchronization 
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Pin Description 


3) ie a 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus 
Ready Signal (RDY1 or RDY2). AEN validates RDY1 while AEN2 validates RDY2 Two AEN 
signal inputs are useful in system configurations which permit the » processor to access two Multi- 
Master System Busses. In non-Multi-Master configurations, the AEN signal inputs are tied true 


BUS READY (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located on the system data bus that data has been received, or is available RDY1 is qual- 
ified by AEN1 while RDY2 is qualified by AEN2. 


READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is low, two stages of READY synchronization are pro- 


RSYNC 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 
READY READY: READY is an active HIGH signal which is the synchronized RDY signal input. READY 
is cleared after the guaranteed hold time to the processor has been met. 
17,16 CRYSTAL IN: X1 and X2 are the pins to which a crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency.” 
FIC FREQUENCY/CRYSTAL SELECT: F/C is a strapping option. When strapped LOW. F/C permits 
the processor's clock to be generated by the crystal. When F/C is strapped HIGH, CLK is gen- 
. erated for the EFI input.* 
EXTERNAL FREQUENCY IN: When F/C is strapped HIGH, CLK is generated from the input 
frequency appearing on this pin. The input signal is a Square wave 3 times the frequency of the 
desired CLK output. 


CLK PROCESSOR CLOCK: CLK is the clock output used by the processor and all devices which 
directly connect to the processor's local bus. CLK has an output frequency which is 1/3 of the 
crystal or EFI input frequency and a 1/3 duty cycle. 

PCLK PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is 1/2 that of 
CLK and has a 50% duty cycle. 

OSC OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is 


ee 
e 
° 
° 
. 
. 
. 
. 


equal to that of the crystal 


RESET IN: RES is an active LOW signal which is used to generate RESET. The 82C84A 
provides a Schmitt trigger input so that an RC connection can be used to establish the power-up 
reset of proper duration. 


RESET RESET: RESET is an active HIGH signal which is used to reset the 80C 86 family processors. Its 


timing characteristics are determined by RES. 


CSYNC 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple 82C84As 
to be synchronized to provide clocks that are in phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW the internal counters are allowed to resume count- 
ing. CSYNC needs to be externally synchronized to EFI. When using the internal oscillator 
CSYNC should be hardwired to ground. 


VCC: the +5V power supply pin. A 0.1uF capacitor between VCC and GND is recommended for 
decoupling. 


* If the crystal inputs are not used X1 must be tied to VCC or GND and X2 should be left open. 


vcc 


4-272 


82C84A 


Functional Description 
Oscillator 


The oscillator circuit of the 82C84A is designed primarily for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 


The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input 
crystal connections. For the most stable operation of the 
oscillator (OSC) output circuit, two capacitors (C1 = C2) as 
shown in the waveform figures are recommended. The out- 
put of the oscillator is buffered and brought out on OSC so 
that other system timing signals can be derived from this sta- 
ble, crystal-controlled source. 


TABLE 1. CRYSTAL SPECIFICATIONS 


PARAMETER TYPICAL CRYSTAL SPEC 
2.4 - 25MHz, Fundamental, “AT cut 
Type of Operation Parallel 


Unwanted Modes 6dB (Minimum) 
Load Capacitance 18 - 32pF 


Capacitors Ci, C2 are chosen such that their combined 
capacitance 


CT= C1xC2 (Including stray capacitance) 
C1+C2 


matches the load capacitance as specified by the crystal 
manufacturer. This insures operation within the frequency 
tolerance specified by the crystal manufacturer. 


Clock Generator 


The clock generator consists of a synchronous divide-by- 
three counter with a special clear input that inhibits the count- 
ing. This clear input (CSYNC) allows the output clock to be 
synchronized with an external event (such as another 
82C84A clock). It is necessary to synchronize the CSYNC 


input to the EFI clock external to the 82C84A. This is accom- 


plished with two flip-flops. (See Figure 1). The counter output 
is a 33% duty cycle clock at one-third the input frequency. 


* The F/C input is a strapping pin that selects either the crystal 
oscillator or the EFI input as the clock for the + 3 counter. If the 
EFI input is selected as the clock source, the oscillator section can 
be used independently for another clock source. Output is taken 
from OSC. 


Clock Outputs 


CLOCK 
SYNCHRONIZE 
EFI 


The CLK output is a 33% duty cycle clock driver designed to 
drive the 80C86, 80C88 processors directly. PCLK is a 
peripheral clock signal whose output frequency is 1/2 that of 
CLK. PCLK has a 50% duty cycle. 


Reset Logic 


The reset logic provides a Schmitt trigger input (RES) anda 
synchronizing flip-flop to generate the reset timing. The reset 
signal is synchronized to the falling edge of CLK. A simple 
RC network can be used to provide power-on reset by utiliz- 
ing this function of the 82C84A. 


READY Synchronization 


Two READY input (RDY1, RDY2) are provided to accommo- 
date two system busses. Each input has a qualifier (AEN1 
and AEN2, respectively). The AEN signals validate their 
respective RDY signals. If a Multi-Master system is not being 
used the AEN pin should be tied LOW. 


Synchronization is required for all asynchronous active-going 
edges of either RDY input to guarantee that the RDY setup and 
hold times are met. Inactive-going edges of RDY in normally 
ready systems do not require synchronization but must satisfy 
RDY setup and hold as a matter of proper system design. 


The ASYNC input defines two modes of READY synchroni- 
zation operation. 


When ASYNC is LOW, two stages of synchronization are pro- 
vided for active READY input signals. Positive-going asynchro- 
nous READY inputs will first be synchronized to flip-flop one a 
the rising edge of CLK (requiring a setup time tR1VCH) and 
the synchronized to flip-flop two at the next falling edge of CLK, 
after which time the READY output will go active (HIGH): Neg- 
ative-going asynchronous READY inputs will be synchronized 
directly to flip-flop two at the falling edge of CLK, after which 
the READY output will go inactive. This mode of operation is 
intended for use by asynchronous (normally not ready) devices 
in the system which cannot be guaranteed by design to meet 
the required RDY setup timing, TR1VCL, on each bus cycle. 


When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY inputs 
are synchronized by flip-flop two on the falling edge of CLK 
before they are presented to the processor. This mode is 
available for synchronous devices that can be guaranteed to 
meet the required RDY setup time. 

ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in the 
system. 


(TO OTHER 82C84As) 


FIGURE 1. CSYNC SYNCHRONIZATION 


NOTE: If EFI input is used, then crystal input X1 must be tied to VCC or GND and X2 should be left open. if the crystal inputs are used, then 
EFI should be tied to VCC or GND. 
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Specifications 82C84A 


Absolute Maximum Ratings | | Reliability Information 

Supply Voltage ............ Ponens aaa tetas asda +8.0V Thermal Resistance Gia Bic 

Input, Output or I/O Voltage ......... .«. GND-0.5V to Veo+0.5V Ceramic DIP Package............. 86°C/W 24°C/IW 

Storage Temperature Range ..............06. -65°C to +150°C Ceramic LCC Package ........... . 73°CIW 20°C/W 

Junction Temperature... 6. ccc eee cece eee cees +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s). .............00000e +300°C Ceramic DIP Package ............cccceeeeceeeeees 580mWw 

ESD Classification .............. Se Class 1 Ceramic LCC Package .......... 2c cece cece ee enee 532mw 
Gate Count sion vee cht nnd OSs bok coe ones Seine es 50 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range...............eeeeee +4.5V to +5.5V Operating Temperature Range 
CB2CESR cis 0c ce tena super Gee LR ws 0°C to +70°C 
BQO BAR 6 i655 os: ne Saisie aed wake e eee eek -40°C to +85°C 
ME 2CSGR ee Oise Monee eases ee ta eee, -55°C to +125°C 


DC Electrical Specifications VCC = +5.0v +10% 
Ta = 0°C to +70°C (C82C84A) 
Ty = -40°C to +85°C (I82C84A) 
Ta = -55°C to +125°C (M82C84A) 


SYMBOL PARAMETER | min | MAX =| UNITS | TEST CONDITIONS 


VIH Logical One Input Voltage V C82C84A, I82C84 
V M82C84A, Notes 1, 2 


VIL Logical Zero Input Voltage 


oe fv 

ae ee 

os | ov | 

ae ea 

Foe IOH = -4.0mA for CLK Output 
IOH = -2.5mA for All Others 


Vv IOL = +4.0mA for CLK Output 
IOL = +2.5mA for All Others 
pA VIN = VCC or GND except ASYNC, 
X1: (Note 4) 
Crystal Frequency = 25MHz 
Outputs Open, Note 5 


NOTES: 

1. FiCisa strap option and should be held either < 0.8V or 2 2.2V. 4. ASYNC pin includes an internal 17.5kQ nominal pull-up resistor. 
Does not apply to X1 or X2 pins. For ASYNC input at GND, ASYNC input leakage current = 300A 

2. Due to test equipment limitations related to noise, the actual test- nominal, X1 - crystal feedback input. 
ed value may differ from that specified, but the specified limit is 5. f= 25MHz may be tested using the extrapolated value based on 
guaranteed. measurements taken at f = 2MHz and f = 10MHz. 


3. CSYNC pin is tested with VIL < 0.8V. 


Capacitance T, = +25°C 


SYMBOL PARAMETER TYPICAL | UNITS | TEST CONDITIONS 
Input Capacitance a ae FREQ = 1MHz, all measurements are 
referenced to device GND 
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AC Electrical Specifications Voc = +5V+ 10% 
Ta = 0°C to +70°C (C82C84A) 
Ta = -40°C to +85°C (182C84A) 
Ta = -55°C to +125°C (M82C84A) 


LIMITS (NOTE 1) TEST 
SYMBOL PARAMETER | MINS | MAX UNITS CONDITIONS 


TIMING REQUIREMENTS 
(1) TEHEL 90%-90% VIN 
(2) TELEH 10%-10% VIN 


(3) TELEL 
ASYNC = HIGH 


ASYNC = LOW 


External Frequency HIGH Time 


External Frequency LOW Time 

EFI Period 

XTAL Frequency 
(4) TR2VCL RDY1, RDY2 Active Setup to CLK 
(5) TRIVCH RDY1, RDY2 Active Setup to CLK 
(6) TRIVCL RDY1, RDY2 Inactive Setup to CLK 
(7) TCLR1X RDY1, RDY2 Hold to CLK 
(8) TAYVCL 
(9) TCLAYX ASYNC Hold to CLK 

(10) TA1VR1V AEN1, AEN2 Setup to RDY1, RDY2 

(11) TCLA1X AEN1, AENZ2 Hold to CLK 

(12) TYHEH CSYNC Setup to EFI 

(13) TEHYL CSYNC Hold to EFI 

(14) TYHYL CSYNC Width 

(15) THHCL RES Setup to CLK 

(16) TCLItH RES Hold to CLK 

TIMING RESPONSES 

(17) TCLCL CLK Cycle Period 

(18) TCHCL CLK HIGH Time 

(19) TCLCH CLK LOW Time 


(20) TCHICH2 CLK Rise or Fall Time 
(21) TCL2CL1 


(22) TPHPL PCLK HIGH Time © 

(23) TPLPH PCLK LOW Time 

(24) TRYLCL Ready Inactive to CLK (See Note 4) 
(25) TRYHCH Ready Active to CLK (See Note 3) (7/3 TCLCL) -15.0 
(26) TCLIL. CLK to Reset Delay 

(27) TCLPH CLK to PCLK HIGH Delay 
(28) TCLPL CLK to PCLK LOW Delay 
(29) TOLCH OSC to CLK HIGH Delay 
(30) TOLCL OSC to CLK LOW Delay 


> 
1?) 
< 
z 
?) 
2) 
2 
Cc 

Ao) 

o 
Q 
A 


2 TELEL 


PERIPHERALS 


1.0V to 3.0V 


("/, TCLCL) +2.0 
(7/5 TCLCL) -15.0 


TCLCL-20 
TCLCL-20 


NOTES: > 2. Tested using EFI or X1 input pin.. 


1. Tested as follows: f = 2.4MHz, VIH = 2.6V, VIL=0.4V, CL=50pF, § 3. Setup and hold necessary only to guarantee recognition at next 
VOH 21.5V, VOL <1.5V, unless otherwise specified. RES and F/C clock. 
must switch between 0.4V and VCC -0.4V. Input rise and fall times 4, Applies only to T2 states. 
driven at ins/V. VIL < VIL (max) - 0.4V for CSYNC pin. VCC = 4.5V 5. Applies only to T3 TW states. 


and 5.5V. 6. Tested with EFI input frequency = 4.2MHz. 
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Timing Waveforms 


NAME 
EFI 


CLK 


RDY1,2 


AEN1,2 


ASYNC 


READY 


READY 


WAVEFORMS FOR CLOCKS AND RESET SIGNALS 


tELEL | tELEH —>(2) |< 
fy by 
d : : : { (18) 
tCLCH 
eX v oR <—(17) CLL 
5 tcLPH >| |+— 
\ 27 
(30) (27) (22) 
tpLPH-—_—_———> tPHPL 
tYHEH | (23) 
ia (16) (15) 
tCLitH oe HHL 


(1) tEHEL 


+— (tCHCL 
(18) 


te— tCLPL 
(28) 


tCLIL - 


NOTE: All timing measurements are made at 1.5 Volts, unless otherwise noted. 


WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


(7) 
tCLRIX 
tRIVCH . 


(5) 7 
t(CLR1IX (7) 
tA1VAIV (10) ad 
a WA, 


tAYVCL tCLAIX (11) 
7 en 
(9) 


tCLAYX 
(25) 


tRYHCH (24) tRYLCL —>| |[+— 


WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


teLRIx->| (7) 
(4) 


tAIVRIV —>4 (10) tCLRIX a 
(8) tAYVCL tCLA1X (11) 
a RZZZ YMA A. 
(25) (aay ' 
tRYHCH tRYLCL 
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Test Load Circuits 
TEST LOAD MEASUREMENT CONDITIONS 
2.25V 
R = 740Q FOR ALL OUTPUTS 
OUTPUT FROM EXCEPT CLK 
DEVICE UNDER TEST 463Q FOR CLK OUTPUT 
CL 
| (SEE NOTE 3) 
NOTES: 


1. CL =100pF for CLK output 
2. CL = 50pF for all outputs except CLK 
3. CL = Includes probe and jig capacitance 


TCHCL, TCLCH LOAD CIRCUIT TCHCL, TCLCH LOAD CIRCUIT 


LOAD 
(SEE NOTE 1) 


TRYLCL, TRYHCH LOAD CIRCUIT TRYLCL, TRYHCH LOAD CIRCUIT 


LOAD 
(SEE NOTE 1) 


CMOS 
PERIPHERALS 


ycc 


LOAD 
(SEE NOTE 1) 


LOAD 
24mHz Co (SEE NOTE 2) 


TRIGGER 
PULSE 
GENERATOR 


LOAD 
(SEE NOTE 2) 


GENERATOR 
TRIGGER 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
VIH + 0.4V VOH 
1.5V 1.5V 
VIL - 0.4V VOL 


NOTE: Input test signals must switch between VIL (maximum) -0.4V and VIH (minimum) +0.4V. RES and F/C must switch between 0.4V 
and VCC -0.4V. Input rise and fall times driven at 1ns/V. VIL < VIL (max) -0.4V for CSYNC pin. VCC -4.5V and 5.5V. 
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Burn-In Circuits 


MD82C84A CERAMIC DIP 
vcc 
C1 
" q 
F9 1 18] 
R2 RI 
vec 
R2 2 | 0 
GND R1 
F6 3 | 16 OPEN 
RI R3 
Je 4 | 15} F10 
vec RI 
R2 5 | 14] FI 
GND R1 R1 
F7 6 | 13] = F11 
RI vec 
F8 7 | 12, R2 
vec —£2 RI GND 
R2 8 | 11] Fi2 
GND R2 
vec 
| 9 | 10] R2 
GND 
\/ 
MR82C84A CERAMIC LCC 
vec og, 
S 
o 
2> £2] & 
z Ld wz wz 
ci « ee i a 
re 8 OPEN 
vec/2 —&4 Re 10 
c7 —B4 Ra, 
re —4 Reet 
OPEN OPEN 


 daate It -duste. It date It dete Il coat. 


FOL Of 114 112) 1131 


F1i2 


vcc/2 
vec /2 
vcec/2 


NOTES: 


VCC = 5.5V +0.5V, GND = OV 

VIH = 4.5V +10% 

VIL = -0.2 to 0.4V 

Ri = 47kQ, +5%, 

R2 = 10kQ, +5%, 

R3 = 2.2kQ, +5%, 

R4 = 1.2kQ, +5%, 

C1 = 0.01pnF (minimum) 

FO = 100kHz +10% 

F1 = F0/2, F2=F1/2,...F12=F11/2 
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Metallization Topology 


DIE DIMENSIONS: 
66.1 x 70.5 x 19 + Imils 


METALLIZATION: 
Type: Si - Al 


Thickness: 


11kA+1kA 


GLASSIVATION: 


Thickness: 8kA + 1kA 


DIE ATTACH: 


Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 


Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.42 x 10° A/em? 


Metallization Mask Layout 


82C84A 


X2 
RDY1 


neal 
READY ASYNC 


RDY2 EFI 


AEN2 F/C 


CLK 


GND RESET ES OSC 
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Features 


e Generates the System Clock For CMOS or NMOS 
Microprocessors and Peripherals 


Complete Control Over System Operation for Very 
Low System Power 


- Stop-Oscillator 

~ Low Frequency 

- Stop-Clock 

- Full Speed Operation 


DC to 25MHz Operation (DC to 8MHz System Clock) 
and 33% 


Generates 50% 
(Synchronized) 


Duty Cycle Clocks 


Uses a Parallel Mode Crystal Circuit or External 
Frequency Source 


¢ TTL Compatible Inputs/Outputs 


¢ 24 Pin Slimline Dual-in-Line or 28 Pad Square LCC 
Package Options | 


Description 


The Harris 82C85 Static CMOS Clock Controller/Generator 
provides complete control of static CMOS system operating 
modes and supports full speed, slow, stop-clock and stop- 
oscillator operation. While directly compatible with the Harris 
80C86 and 80C88 16-bit Static CMOS Microprocessor 
Family, the 82C85 can also be used for general system clock 
control. 


For static system designs, separate signals are provided on 
the 82C85 for stop (SO, S1, S2/STOP) and start (START) 
control of the crystal oscillator and system clocks. A single 
control line (SLO/FST) determines 82C85 fast (crystal/EFI 
frequency divided by 3) or slow (crystal/EFl frequency 
divided by 768) mode operation. Automatic maximum mode 
80C86 and 80C88 software HALT instruction decode logic in 
the 82C85 enables software-based clock control. Restart 
logic insures valid clock start-up and complete synchroniza- 
tion of system clocks. 


The 82C85 is manufactured using the Harris advanced 
Scaled SAJI IV CMOS process. In addition to clock control 
circuitry, the 82C85 also contains a crystal controlled 


reine SY Power Supply oscillator (up to 25MHz), clock generation logic, complete 
¢ Operating Temperature Range “Ready” synchronization and reset logic. This permits the 
- CB2C8S .. occ cece ecw ce ucucccuce 0°C to +70°C = designer to tailor the system power-performance product to 
© 1B 2CGS 66 iid tweeted cnheeiweee es -40°C to +85°C Provide optimum performance at low power levels. 
- M82CB5 ........ cece eee eee 2. B5°C to +125°C 
Ordering Information Pinouts 
TEMPERATURE | ORDER 24 LEAD SLIMLINE DIP 28 LEAD PLCC AND LCC 
RANGE CODE TOP VIEW TOP VIEW 


PLCC 


acwe [esas 


a NC 

4 ASYNC 
EFI 

a FIC 

24 OSC 

¥ RES 

9 RESET 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Pin Descriptions 


DIP PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


CRYSTAL CONNECTIONS: X1 and X2 are the crystal oscillator connections. The crystal 
frequency must be 3 times the maximum desired processor clock frequency. X1 is the oscillator 
circuit input and X2 is the output of the oscillator circuit. If the crystal inputs are not used, X1 must 
be tied to Veg or GND, and X2 should be left open. 


EXTERNAL FREQUENCY IN: When F/C is HIGH, CLK is generated from the EFI input signal. This 
input signal should be a square wave with a frequency of three times the maximum desired CLK 
output frequency. If the crystal inputs are not used. XI must be tied to Voc or GND, and X2 should 
be left open. 


FREQUENCY/CRYSTAL SELECT: F/C selects either the crystal oscillator or the EFI input as the 
main frequency source. When F/C is LOW, the 82C85 clocks are derived from the crystal oscillator 
circuit. When F/C is HIGH, CLK is generated from the EFI input. F/C cannot be dynamically 
switched during normal operation. 


A low-to-high transition on START will restart the CLK, CLK50 and PCLK outputs after the appro- 
priate restart sequence is completed. 


When in the crystal mode (F/C LOW) with the oscillator stopped. The oscillator will be restarted 
when a Start command is received. The CLK, CLK50 and PCLK outputs will start after the oscilla- 
tor input signal (X1) reaches the Schmitt trigger input threshold and 8K internal counter reaches 
terminal count. If F/C is HIGH (EFI mode), CLK, CLK50 and PCLK will restart within 3 EFI cycles 
after START is recognized. 


The 82C85 will restart in the same mode (SLO/FST) in which it stopped. A high level on START | 
disables the STOP mode. 


S2/STOP, S1, SO are used to stop the 82C85 clock outputs (CLK, CLK50, PCLK) and are sampled 
by the rising edge of CLK, CLK50 and PCLK are stopped by S2/STOP, S1, SO being in the LHH 
State on the low-to-high transition of CLK. This LHH state must follow a passive HHH state occur- 
ring on the previous low-to-high CLK transition. CLK and CLKSO stop in the high state when F/C 
is low and may stop in either the high or low state when F/C is high. PCLK stops in its current state 
(high or low). 

When in the crystal mode (FIC) low and a STOP command is issued, the 82C85 oscillator will stop 
along with the CLK, CLK50 and PCLK outputs. When in the EFI mode, only the CLK, CLK50 and 
PCLK outputs will be halted. The oscillator circuit if operational, will continue to run. The oscillator 
and/or clock is restarted by the START input signal going true (HIGH) or the reset input (RES) 
going low. 


SLO/FST is a level-triggered input. When HIGH, the CLK and CLK50 outputs run at the maximum 
frequency (crystal or EF! frequency divided by 3). When LOW, CLK and CLKS50 frequencies are 
equal to the crystal or EFI frequency divided by 768. SLO/FST changes are internally synchro- 
nized so proper CLK and CLKS50 phase relationships are maintained and minimum pulse width 
specifications are met. START and STOP control of the oscillator or EFI is available in either the 
SLOW or FAST frequency modes. The SLO/FST input must be held LOW for at least 195 OSC/ 
EFI clock cycles before it will be recognized. This eliminates unwanted frequency changes which 
could be caused by glitches or noise transients. The SLO/FST input must be held HIGH for at least 
6 OSC/EFI clock pulses to guarantee a transition to FAST mode operation. 


PROCESSOR CLOCK: CLK is the clock output used by the 80C86 or 80C88 processor and other 
peripheral devices. When SLO/FST is high, CLK has an output frequency which is equal to the 
crystal or EFI input frequency divided by three. When SLO/FST is low, CLK has an output frequen- 
cy which is equal to the crystal or EFI input frequency divided by 768. CLK has a 33% duty cycle. 


50% DUTY CYCLE CLOCK: CLKS50 is an auxiliary clock with a 50% duty cycle and is synchronized 
to the falling edge of CLK. When SLO/FST is high, CLK50 has an output frequency which is equal 
to the crystal or EFI input frequency divided by 3. When SLO/FST is low, CLK50 has an output 
frequency equal to the crystal or EFI input frequency divided by 768. 


CMOS 
PERIPHERALS 


CLK50 


PCLK PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is equal to the 
crystal or EFI input frequency divided by 6 and has a 50% duty cycle. PCLK frequency is unaffect- 


ed by the state of the SLO/FST input. 


OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is equal 
to that of the crystal oscillator circuit. OSC is unaffected by the state of the SLO/FST input. 


When the 82C85 is in the crystal mode (F/C low) and a STOP command is issued, the OSC output 
will stop in the HIGH state. When the 82C85 is in the EFI mode (F/C HIGH, the oscillator (if 
operational) will continue to run when a STOP command is issued and OSC remains active. 


.@) 


- | 
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Pin Descriptions (continued) 


DIP PIN 
SYMBOL | NUMBER TYPE 


DESCRIPTION 


RESET IN: RES is an active LOW signal which is used to generate RESET. The 82C85 See 
a Schmitt trigger input so that an RC connection can be used to establish the power-up reset of 
proper duration. RES starts crystal oscillator operation. 


RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its 
timing characteristics are determined by R RES. RESET is guaranteed to be HIGH for a minimum of 
16 CLK pulses after the rising edge of RES. 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple 82C85 and 
82C84A to be synchronized to provide multiple in-phase clock signals When CSYNC is HIGH, the 
internal counters are reset and force CLK, CLK50 and PCLK into a HIGH state. When CSYNC is 
LOW, the internal counters are allowed to count and the CLK, CLK50 and PCLK outputs are active. 
CSYNC must be externally synchronized to EFI. 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus 
Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2. Two AEN 
signal inputs are useful in system configurations which permit the processor to access two Multi- 
Master System Buses. — 


BUS READY: (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located on the system data bus that_data has been received, or is available RDY1 is 
qualified by AEN while RDY2 is qualified by AEN2. 


READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is LOW, two stages of READY synchronization are pro- 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 


READY: READY is an active HIGH signal which is the synchronized RDY signal input. 


Ground 


Voc: is the +5V power supply pin. A 0.1mF capacitor between Vcc and GND is recommended. 


Functional Block Diagram 


RESET 


; ar RESET LP (16) 
mC PULSE 
CONDITIONING 
Locic 
anon RESTART LOGIC 
CSYNC "syne 
nDO-— ___ Logic 
SU0/ as CLOCK LociC CLK —> 
Nac SLO/EST | [DIVIDE BY 3) ia Sea ot 
SPEEO SELECT > 110) 
a DIV 256 OR OV t 
119) LL 
_ EXTERNAL PCLK 
PERIPHERAL 
vat! FREQ. SELECT CLOCK ah 
(DIVIDE 
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ras) S2/S0. 
“iC $} STOP Losic et 
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Functional Description 


The 82C85 Static Clock Controller/Generator provides 
simple and complete control static CMOS system operating 
modes. The 82C85 supports full speed, slow, stop-clock and 
stop-oscillator operation. While it is directly compatible with 
the Harris 80C86 and 80C88 CMOS 16-bit static 
microprocessors, the 82C85 can also be used for general 
purpose system clock control. 


The 82C85 pinout is a superset of the 82C84A Clock 
Generator/Driver. 82C85 pins 1-9, 16-24 are compatible with 
82C84A pins 1-9, 10-18 respectively. An 82C84A can be 
placed in the upper 18 pins of an 82C85 socket and it will 
operate correctly (without the ability to control the clock and 
oscillator operation.) This allows dual design for simple 
system upgrades. The 82C85 will also emulate an 82C84A 
when pins 11-15 on the 82C85 are tied to Voc. 


For static systems designs, separate signals are provided on 
the 82C85 for stop and start control of the crystal oscillator 
and clock outputs. A single control line determines 82C85 
fast (crystaV/EFI frequency divided by 3) or slow (crystal/EFI 
frequency divided by 768) mode operation. The 82C85 also 
contains a crystal controlled oscillator, clock generation 
logic, complete “Ready” synchronization and reset logic. 


Automatic 80C86/88 software HALT instruction decode logic 
is present to ease the design of software-based clock control 
systems and provide complete software control of STOP 
mode operation. Restart logic insures valid clock start-up 
and complete synchronization of CLK, CLK50 and PCLK. 


Static Operating Modes 


In static CMOS system design, there are four basic 
operating modes. The 82C85 Static Clock Controller 
supports each of them. These modes are: FAST, SLOW, 
STOP-CLOCK and STOP-OSCILLATOR. Each has distinct 
power and performance characteristics which can be 
matched to the needs of a particular system at a specific 
time (See Table 1). 


Keep in mind that a single system may require all of these 
operating modes at one time or another during normal 
operation. A design need not be limited to a single operating 
mode or a specific combination of modes. The appropriate 
operating mode can be matched to the power-performance 
level needed at a specific time or in a_ particular 
circumstance. 


Reset Logic 


The 82C85 reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset timing. 
The reset signal is synchronized to the falling edge of CLK. A 
simple RC network can be used to provide power-on reset 
by utilizing this function of the 82C85. 


When in the crystal oscillator (F/C = LOW) or the EFI (F/C = 
HIGH) mode, a LOW state on the RES input will set the 
RESET output to the HIGH state. It will also restart the 
oscillator circuit if it is in the idle state. The RESET output is 
guaranteed to stay in the HIGH state for a minimum of 16 
CLK cycles after a low-to-high transition of the RES input. 


An oscillator restart count sequence will not be disturbed by 
RESET if this count is already in progress. After the restart 
counter expires, the RESET output will stay HIGH at least for 
16 periods of CLK before going LOW. RESET can be kept 
high beyond this time by a continuing low input on the RES 
input. 


If F/C is low (crystal oscillator mode), a low state on RES 
starts the crystal oscillator circuit. The stopped outputs 
remain inactive, until the oscillator signal amplitude reaches 
the X1 Schmitt trigger input threshold voltage and 8192 
cycles of the crystal oscillator output are counted by an 
internal counter. After this count is complete, the stopped 
outputs (CLK, CLK50, PCLK, and OSC) start cleanly with 
the proper phase relationships. 


This 8192 count requirement insures that the CLK, CLK50 
and PCLK outputs will meet minimum clock requirements 
and will not be affected by unstable oscillator characteristics 
which may exist during the oscillator start-up sequence. This 
sequence is also followed when a START command is 
issued while the 82C85 oscillator is stopped. 


Oscillator/Clock Start Control 


Once the oscillator is stopped (or committed to stop) or at 
power-on, the restart sequence is initiated by a HIGH state 
on START or LOW state on RES. If F/C is HIGH, then restart 
occurs immediately after the START or RES input is 
synchronized internally. This insures that stopped outputs 
(CLK, PCLK, OSC and CLKS50) start cleanly with the proper 
phase relationship. 


If F/C is low (crystal oscillator mode), a HIGH state on the 
START input or a low state on RES causes the crystal 
oscillator to be restarted. The stopped outputs remain 


TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS 


clock and main clock oscillator run at rated 
frequency 


OPERATING 
MODE DESCRIPTION POWER LEVEL PERFORMANCE 
Stop-Oscillator All system clocks and main clock oscillator are Maximum savings Slowest response due to oscillator 
stopped restart time 
Stop-Clock System CPU and peripherals clocks stop but main | Reduced system Fast restart-no oscillator restart time 
clock oscillator continues to run at rated frequency | power 


System CPU clocks are slowed while peripheral 


Continuous operation at low 
frequency 


Power dissipation 
slightly higher than 


Stop-Clock 


Fast | Ail clocks and oscillators run at rated frequency Highest power Fastest response 
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stopped, until the oscillator signal amplitude reaches the X1 


Schmitt trigger input threshold voltage and 8192 cycles of. 


the crystal oscillator output are counted by an internal 
counter. After this count is complete, the stopped outputs 
(CLK, CLK50, PCLK, and OSC) start cleanly with the proper 
phase relationships. 


Typically, any input signal which meets the START input 
timing requirements can be used to start the 82C85. In many 
cases, this would be the INT output from an 82C59A CMOS 
Priority Interrupt Controller (See Figure 1). This output, 
which is active high, can be connected to both the 82C85 
START pin and to the appropriate interrupt request input on 
the microprocessor. 


B0C86/88 


INTR 


B2C59A 


INT 


FIGURE 1. CMOS PERIPHERAL CONTROL OF 82C85 STOP, 
START AND SLOW/FAST OPERATIONS 


When the INT output becomes active, the oscillator/clock 
circuit on the 82C85 will restart. Upon completion of the 
appropriate restart sequence, the CLK signal to the CPU will 
become active. The CPU can then respond to the still 
pending interrupt request. | 


If the 82C59A/82C85 restart combination is used in 
conjunction with an 82C55A STOP control, the 82C55A 
must be initialized prior to the 82C59A after reset. The 
82C59A interrupt output is driven high at reset, causing the 
82C85 to remain in the START mode regardless of the state 
of the S2/STOP input. This will avoid stopping the 82C85 
due to negative transitions on the S2/STOP input which may 
occur during a mode change on the 82C55A or during the 
operation of any peripheral I/O device prior to initialization. 


Another method of insuring proper operation of the START 
function upon reset or system initialization is to bias the S2/ 
STOP input low with an external pull-down resistor. The S2/ 
STOP input will remain low until driven high by the 82C55A 
port pin or by external logic. This insures that the 82C85 
STOP command (HHH prior to LHH requirement on the 
Status inputs) will not be satisfied. To minimize power 
dissipation in this case (using a pulidown resistor), the S2/ 
STOP input should be normally LOW and pulsed HIGH to 
develop the necessary HHH-to-LHH STOP sequence. In this 
manner, the output driving the S2/STOP input will be 
normally LOW and will not be driving to the opposite state of 
the pull-down resistor. 


Fast Mode 


The most common operating mode for a system is the FAST 
mode. In this mode, the 82C85 operates at the maximum fre- 
quency determined by the main oscillator or EFI frequency. 


TABLE 2. TYPICAL SYSTEM POWER SUPPLY CURRENT FOR STATIC CMOS OPERATING MODES 


Cast stow ‘| srorciocx | stonosc 


[stan [ama 


All measurements taken at room temperature, Voc = +5.0 Volts. Power supply current levels will be dependent upon system 
configuration and frequency of operation. | | . 
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FAST mode operation is enabled by each of two conditions: 


e The SLO/FST input is HIGH and a START or reset 
command Is Issued 


e The SLO/FST input Is held HIGH for at least 6 
oscillator or EFI cycles. 


Alternate Operating Modes 


Using alternate modes of operation (slow, stop-clock, stop- 
oscillator) will reduce the average system operating power 
dissipation in a static CMOS system (See Table 2). This 
does not mean that system speed or throughput must be 
reduced. When used appropriately, the slow, stopclock, stop- 
oscillator modes can make your design more power efficient 
while maintaining maximum system performance. 


Stop-Oscillator Mode 


When the 82C85 is stopped while in the crystal mode (F/C 
LOW), the oscillator, in addition to all system clock signals 
(CLK, CLK50 and PCLK), are stopped. CLK and CLK50 stop 
in the high state. PCLK stops in it’s current state (high or low). 


With the oscillator stopped, 82C85 power drops to it’s lowest 
level. All clocks and oscillators are stopped. All devices in 
the system which are driven by the 82C85 go into the lowest 
power standby mode. The 82C85 also goes into standby and 
requires a power supply current of less than 100 microamps. 


Stop-Clock Mode 


When the 82C85 is in the EFI mode (F/C HIGH) and a STOP 
command is issued, all system clock signals (CLK, CLK5O, 
and PCLK) are stopped. CLK and CLKS5O stop in the high 
state when F/C is low and may stop in either the high or low 
state when F/C is high. PCLK stops in its current state (high 
or low). 


The 82C85 can also provide it’s own EFI source simply by 
connecting the OSC output to the EFI input and pulling the 
F/C input HIGH. This puts the 82C85 into the External 
Frequency Mode using it’s own oscillator as an external 
source signal (See Figure 2). In this configuration, when the 
82C85 is stopped in the EF! mode, the oscillator continues to 
run. Only the clocks to the CPU and peripherals (CLK, 
CLK50 and PCLK) are stopped. 


vcc 


START 


STOP 
CONTROL CONTROL 


FIGURE 2. STOP-CLOCK MODE USING 82C85 IN EFI MODE 
WITH OSCILLATOR AS FREQUENCY SOURCE 


Oscillator/Clock Stop Operation 


Three control lines determine when the 82C85 clock outputs 
or oscillator will stop. These are SO, S1 and $2/STOP. These 
three lines are designed to connect directly to the MAXimum 
mode 80C86 and 80C88 status lines or to be driven by 
external I/O signals (such as an 82C55A output port). 


In the MAXimum mode configuration, the 82C85 will 
automatically recognize a software HALT command from the 
80C86 or 80C88 and stop the system clocks or oscillator. 
This allows complete software control of the STOP function. 


If the 80C86 or 80C88 is used in the MINimum mode, the 
82C85 can be controlled using the S2/STOP input (with SO 
and S1 held high). This can be done using an external i/O 
control line, such as from an 82C55A or by decoding the 
state of the 80C86 MINimum mode status signals. 


82C85 status inputs S2/STOP, S1, SO are sampled on the 
rising edge of CLK. The oscillator (F/C LOW only) and clock 
outputs are stopped by S2/STOP, $1, SO being in the LHH 
state on a low-to-high transition of CLK. This LHH state must 
follow a passive HHH state ocurring on the previous low-to- 
high CLK transition. CLK and CLK50 will stop in the logic 
HIGH state after two additional complete cycles of CLK. 
PCLK stops in it’s current state (HIGH or LOW). This is true 
for both SLOW and FAST mode operation. 


80C86/88 Maximum Mode Clock Control 


The 82C85 STOP function has been optimized for 80C86/ 
88 MAXimum mode operation. In this mode, the three 
82C85 status inputs (S2/STOP, S1, SQ) are connected 
directly to the MAXimum mode status lines (S2, S1, SO) of 
the Harris 80C86 or 80C88 static CMOS microprocessors 
(See Figure 3). 


When in the MAXimum mode, the 80C86/88 status lines 
identify which type of bus cycle the CPU is starting to 
execute. 82C85 S2/STOP, S1 and SO control input logic will 
recognize a valid MAXimum mode software HALT executed 
by the 80C86 or 80C88. Once this state has been 
recognized, the 82C85 stops the clock (F/G HIGH) and 
oscillator (F/C LOW) operation. 


HARRIS 
80C86/88 


HARRIS 
82085 


FIGURE 3. 82C85STOP CONTROL USING 80C86/88 MAXIMUM 
MODE STATUS LINES 
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The 82C85 S2/STOP, S1 and SO control lines were designed 
to detect a passive 111 state followed by a HALT 011 logic 
state before recognizing the HALT instruction and stopping 
the system clocks. In the MAXimum mode, the 80C86/88 
Status lines go into a passive (no bus cycle) logic 111 state 
prior to executing a HALT instruction. The qualification of a 
passive no bus cycle logic 111 state insures that random 
transitions of the status lines into a logic 011 state will not 
stop the system clock. This is necessary since the status 
lines of the 80C86/88 transition through an unknown state 
during T3 of the bus cycle. 


Once the HALT instruction is decoded by the 82C85, either 
the oscillator is stopped (STOP-OSCILLATOR mode F/C tied 
low ) or the external frequency source is gated off internally 
(STOP-CLOCK mode F/C_ HIGH). When the HALT 
instruction is decoded with F/C low, the CLK and CLKS0 will 
be stopped in a logic high state after 2 additional cycles of 
the clock. PCLK stops in it’s current state (high or low). This 
is true for both SLOW and FAST mode operation. The HALT 
instruction is detected in the same manner whether the 
82C85 is in the SLOW or FAST mode. 


independent Stop Control for Minimum Mode Operation 


When the 80C86 and 80C88_ microprocessors are 
configured in MiNimum Mode (MN/MX pin tied high), their 
status lines SO, S1, and S2 assume alternate functions. The 
logic states and sequences (passive before a HALT) 
necessary for automatic HALT detect in the 82C85 do not 
occur as in the MAXimum mode. The 82C85 controller 
cannot use the microprocessor status lines to detect a 
software Halt instruction when operating in MINimum mode. 


However, the negative edge-activated S2/STOP pin provides 
a simple means for clock control in MINimum mode 80C86 
and 80C88 systems. S2/STOP can be used as an 
independent STOP control when S1 and SO are held in the 
logical HIGH state. Keeping the SO and S1 inputs at a logic 1 
level and transitioning S2/STOP from high to low will meet 
the passive 111 state prior to a 011 state requirement of the 
82C85. This feature allows 82C85 operation with the 80C86 
and 80C88 in the MINimum mode, provides compatibility 
with other static CMOS microprocessors and allows 
maximum flexibility in a system. 


With S2/STOP being used as a_ stand-alone STOP 
command line, system clocks can be controlled via an 
82C55A programmable peripheral interface or other similar 
interface circuits. This is accomplished by driving the S2/ 
STOP input with a PORT pin on the 82C55A (See Figure 1). 
The 82C55A port pin should be configured as an output and 
must present a logic HIGH to the S2/STOP input for at least 
one CLK cycle, followed by a LOW state. This will meet the 
82C85 status input requirement of 111 followed by a 011. 


When a logic 0 is written to a 82C55A port pin, the S2/ STOP 
pin is pulled low, stopping the system clocks (CLK, CLKS5O, 
PCLK). in essence, the 82C85 is software controlled via the 
82C55A. As with the SLO/FST interface, PORT C is a logical 
choice for this job since the individual bit set and reset 
commands available for this port make control of the S2/ 
STOP input simple. 


A START command issued to the 82C85 will override a 
STOP command and the 82C85 will begin normal operation. 
The low state of the negative-edge triggered S2/STOP input 
will not prohibit the clocks from restarting. After a START or 
RES command, the 82C85 must see a passive (111) state 
followed by a HALT (011) state to stop the system clocks. To 
accomplish this, the 82C55A port output must be brought 
high and then returned low again for the 82C85 to recognize 
the next STOP command. 


External Decode Adds Halt Control 


SSO, IO/M and DT/R can identify a MINimum mode 80C88 
HALT execution. During T2 of the system timing (while ALE 
is high), SSO, 1O/M, and DT/R go into a 111 state when the 
80C88 is executing a_software HALT. These signals cannot 
be tied directly to the S2/STOP, S1 and SO inputs since they 
are not guaranteed to go into a passive state prior to their 
111 state. These signals can be decoded during the time 
ALE is high to indicate a software HALT execution. 


Slow Mode 


When continuous operation is critical but power consumption 
remains a concern, the 82C85 SLOW mode operation 
provides a lower frequency at the CLK and CLK50 outputs 
(crystaVEFI frequency divided by 768). The frequency of 
PCLK is unaffected. The SLOW mode allows the CPU and 
the system to operate at a reduced rate which, in turn, 
reduces system power. 


For example, the operating power for the 80C86 or 80C88 
CPU is 10 mA/MHz of clock frequency. When the SLOW 
mode is used in a typical SMHz system, CLK and CLK50 run 
at approximately 20kHz. At this reduced frequency, the 
average operating current of the CPU drops to 200 
microamps. Adding the 80C86/88 500 microamps standby 
current brings the total current to 700 microamps. 


While the CPU and peripherals run slower and the 82C85 
CLK and CLKS50 outputs switch at a reduced frequency, the 
main 82C85 oscillator is still running at the maximum 
frequency (determined by the crystal or EFI input frequency.) 
Since CMOS power is directly related to operating 
frequency, 82C85 power supply current will typically be 
reduced by 15-20%. 


Clock Slow/Fast Operation 


The SLO/FST input determines whether the CLK and CLK50 
outputs run at full speed (crystal or EFI frequency divided by 
3) or at slow speed (crystal or EF! frequency divided by 768) 
(See Figure 4). When in the SLOW mode, 82C85 stop-clock 
and stop-oscillator functions operate in the same manner as 
in the FAST mode. 


Internal logic requires that the SLO/FST pin be held low for 
at least 195 oscillator or EFI clock pulses before the SLOW 
mode command is recognized. This requirement eliminates 
unwanted FAST-to-SLOW mode frequency changes which 
could be caused by glitches or noise spikes. 


To guarantee FAST mode recognition, the SLO/FST pin 
must be held high for at least 6 OSC or EFI pulses. The 
82C85 will begin FAST mode operation on the next PCLK 
edge after FAST command recognition. Proper CLK and 
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CLK 50 phase relationships are maintained and minimum 
pulse width specifications are met. 


FAST-to-SLOW or SLOW-to-FAST mode changes will occur 
on the next rising or falling edge of PCLK. It is important to 
remember that the transition time for operating freqeuncy 
changes, which are dependent upon PCLK, will vary with the 
82C85 oscillator or EFI frequency. 


Slow Mode Control 


The 82C55A programmable peripheral interface can be used 
to provide control of the SLO/FST pin by connecting a port 
pin of the 82C55A directly to the SLO/FST pin (See Figure 
1). With the port pin configured as an output, software 
contro! of the SLO/FST pin is provided by simply writing a 
logical one (FAST mode) or logical zero (SLOW Mode) to the 
corresponding port. PORT C is well-suited for this function 
due to it’s bit set and reset capabilities. Since PCLK 
continues to run at a frequency equal to the oscillator or EFI 
frequency divided by 6, it can be used by other devices in the 
system which need a fixed high frequency clock. For 
example, PCLK could be used to clock an 82C54 
programmable interval timer to produce a real-time clock for 
the system or as a baud rate generator to maintain serial 
data communications during SLOW mode operation. 


Oscillator 


The oscillator circuit of the 82C85 is designed primarily for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 
The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input 
connections. The output of the oscillator is buffered and 
available at the OSC output (pin 18) for generation of other 
system timing signals. 


For the most stable operation of the oscillator (OSC) output 
circuit, two capacitors (C1 = C2) are recommended. 
Capacitors C1 and C2 are chosen such that their combined 
Capacitance matches the load capacitance as specified by 
the crystal manufacturer. This insures operation within the 
frequency tolerance specified by the crystal manufacturer. 


The crystal/capacitor configuration and the formula used to 
determine the capacitor values are shown in Figure 5. Crys- 
tal Specifications are shown in Table 3. 


C1*C2 


ct -—— 
C1+C2 


(Including stray capacitance) 


CRYSTAL 
2.4 - 25MHz 


= 82085 


FIGURE 5. 82C85 CRYSTAL CONNECTION 


TABLE 3. CRYSTAL SPECIFICATIONS 


2.4 to 25MHz 
Parallel Resonent, Fund. Mode _ 


20 or 32pF 


35X (f = 25MHz, C, = 32pF) 
66X (f = 25MHz, C, = 20pF) 


RSERIES (Max) 


Frequency Source Selection 


The F/C input is a strapping pin that selects either the crystal 
oscillator or the EFI input as the source frequency for clock 
generation. If the EF! input is selected as the source, the 
oscillator section (OSC output) can be used independently 
for another clock source. If a crystal is not used, then crystal 
input X1 (pin 23) must be tied to Voc or GND and X2 (pin 22) 
should be left open. If the EFI mode is not used, then EFI 
(pin 20) should be tied to Voc or GND. 


—OTTEETETETTTT ccc 
exe TLD ULL nn 
BU Ne ie 


FIGURE 4. SLO/FST TIMING OVERVIEW 
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Clock Generator 


The clock generator consists of two synchronous divide-by- 
three counters with special clear inputs that inhibit the 
counting. One counter generates a 33% duty cycle 
waveform (CLK) and the other generates a 50% duty cycle 
waveform (CLK50). These two counters are negative-edge 
synchronized, with the low-going transitions of both 
waveforms occurring on the same oscillator transition. The 
CLK and CLKSO output frequencies are one-third of the base 
input frequency when SLO/FST is high and are equal to the 
base input frequency divided by 768 when SLO/FST is low. 


The CLK output is a 33% duty cycle clock signal designed to 
drive the 80C86 and 80C88 microprocessors directly. CLK50 
has a 50% duty cycle output synchronous with CLK, 
designed to drive coprocessors and peripherals requiring a 
50% duty cycle clock. When SLO/FST is high, CLK and 
CLKSO have output frequencies which are 1/3 that of EFI/ 
OSC. When SLO/FST is low, CLK and CLK50 have output 
frequencies which are OSC (EFI) divided by 768. 


PCLK is a peripheral clock signal with an output frequency 
equal to the oscillator or EF! frequency divided by 6. PCLK 
has a 50% duty cycle. PCLK is unaffected by SLO/FST. 
When the 82C85 is placed in the STOP mode, PCLK will 
remain in it’s current state (logic high or logic low) until a 
_RESET or START command restarts the 82C85 clock 
circuitry. PCLK is negative-edge synchronized with CLK and 
CLK50. 


Clock Synchronization 


The clock synchronization (CSYNC) input allows the output 
clocks to be synchronized with an external event (such as 
another 82C85 or 82C84A clock signal). CSYNC going 
active causes all clocks (CLK, CLK50 and PCLK) to stop in 
the HIGH state. 


It is necessary to synchronize the CSYNC input to the EFI 
clock external to the 82C85. This is accomplished with two 
flip-flops when synchronizing two 82C85s and with three 
flip-flops when synchronizing an 82C85 to an 82C84A 
(See Figure 6). Multiple external flip-flops are necessary to 
minimize the occurence of metastable (or indeterminate) 
States. 


Ready saeacadcaten 


Two READY inputs (RDY1, RDY2) are provided to 
accommodate two system_busses. Each READY input_is 
qualified by (AEN1 and AEN2, respectively). The AEN 
signals validate their respective RDY signals. 


Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the RDY 
set up and hold times are met. Inactive-going edges of RDY 
in normally ready systems do not require synchronization 
but must satisfy RDY setup and hold asa matter of proper 
system design. 


The ASYNC input defines two modes of READY 
synchronization operation. When ASYNC is LOW, two 
stages of synchronization are provided for active READY 
input signals. Positive-going asynchronous READY inputs 
will first be synchronized to flip-flop one at the rising edge of 
CLK (requiring a setup time TRIVCH) and _ then 
synchronized to flip-flop two at the next falling edge of CLK, 
after which time the READY output will go HIGH. 


Negative-going asynchronous READY inputs will be 
synchronized directly to flip-flop two at the falling edge of 
CLK, after which time the READY output will go inactive. 
This mode of operation is intended for use by asynchronous 
(normally not ready) devices in the system which cannot be 
guaranteed by design to meet the required RDY setup timing 
(TR1VCL) on each bus cycle. 


When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY 
inputs are synchronized by flip-flop two on the falling edge of 
CLK before they are presented to the processor. This mode 
is available for synchronous devices that can be guaranteed 
to meet the required RDY setup time. ASYNC can be 
changed on every bus cycle to select the appropriate mode 
of synchronization for each device in the system. — 


CSYNC WITH 82C85(s) 


CLOCK 
SYNCHRONIZE 


EFI 


(TO OTHER 
82C85s} 


CSYNC 


82084A 


FIGURE 6. 82C85 AND 82C84A CSYNC SYNCHRONIZATION 
METHODS 
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Specifications 82C85 


Absolute Maximum Ratings Reliability Information 

SUDDIY VONGGO 3.5500 62k S Bh Cone eee RCs eres +8.0V Thermal Resistance Gin 8c 

Input, Output or I/O Voltage seme eee een nee GND-0.5V to Vect+0.5V Ceramic DIP Package BAN chen te Anas are nels 53°C/W 18°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 61°C/W 11°C/W 

Junction Temperature... 6... ke cee eee ees +175°C = Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)............+.0+00- +300°C = Ceramic DIP Package ........ 0.0 cece cece cece eaees 1.07W 

ESD Classification .......0 0... ccc cc ce eee ee ee eee Class 1 Ceramic LCC Package dhe pet han athdanmertat face Ae Oo Svs tone Als sees we 1.03W 
Gale Count. £42 6.o2k sb ve ol esusiat han ea eee ees 500 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................05, +4.5V to +5.5V. Operating Temperature Range 
CB2CB5 os cia be dias tera ade dhe sweats 0°C to +70°C 
162005 4.550 se Bina See Neca eer saeewea es -40°C to +85°C 
M62C85 ohn o5s i eta ed reg ere sates -55°C to +125°C 


DC Electrical Specifications Voc = 5.0V 10%; Ts = 0°C to +70°C (C82C85); 
Ty = -40°C to +85°C (I82C85); 
Ts = -55°C to +125°C (M82C85) 


SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 


Vin Logical One Input Voltage Vv C82C85, I82C85 
V M82C85 
Reset Input Hysteresis . 


lon = -5.0 mA (CLK, CLK50) 
lon = -1.0mA (X2) 
lon = -2.5mA (all other outputs) 


V lot +2.5mA (X2) 
lo, = +5.0mA (all other outputs) 


Vin = 3.0V; Pins 11 - 15, 21 


82C85 in HALT state with oscillator 
stopped 
mA Crystal Frequency = 15 MHz, outputs 
open, inputs = GND or Vec 
70 mA Crystal Frequency = 25 MHz, outputs 
open, inputs = GND or Voc 


Ls | mA Crystal Outputs Open; SLO/FST = GND, 


Vin = Vec or GND, except DIP 
Pins 11-15, 21, 23 


ICCSLOW Slow Mode Operating Current 


Freq = 15MHz 


mA Crystal 
Freq = 25MHz 


START = Voc, Other inputs - Vin = 
Voc or GND 


NOTE: 1. For CSYNC, Vit = GND 


Capacitance T, = 25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
Input Capacitance FREQ = 1MHz, all measurements are referenced to device 
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AC Electrical Specifications Vo,_ = 5V +10%; T, = 0°C to+70°C (C82C85); Ty = -40°C to +85°C (I82C 
Ta = -55°C to +125°C (M82C85) 


SYMBOL PARAMETER | MINS [MAX UNITS 


TIMING REQUIREMENTS 


? 


85); 


CONDITIONS 


90%-90% Vin, Note 1, 


(3) 


TELEL EFI or Crystal Period 
(4) TEFIDC External Frequency Input Duty Cycle 
5 
(6) TRIVCL 
(7) TRIVCH 
(8) TRIVCL 


% 


~~ 

—_ 
nN 
x 


Crystal Frequency 
RDY1, RDY2 Active Setup to CLK 
RDY1, RDY2 Active Setup to CLK 
RDY1, RDY2 Inactive Setup to CLK 

(9) TCLRIX RDY1, RDY2 Hold to CLK 

(10) TAYVCL ASYNC Setup to CLK 

(11) TCLAYX ASYNC Hold to CLK 

(12) TAIVRIV | AENT, AEN2 Setup to RDY1, RDY2 
(13) = TCLA1X AEN1, AEN2 Hold to CLK 

(14) TYHEH CSYNC Setup to EFI 

(15) TEHYL CSYNC Hold to EFI 

(16) TYHYL CSYNC Pulse Width 

(17) THHCL RES Setup to CLK 

(18) TSVCH SO, $1, S2/STOP Setup to CLK 

(19) TCHSV SO, $1, S2/STOP Hold to CLK 

(20) TRSVCH RES, START Setup to CLK 

(21) TSHSL RES (Low) or START (High) Pulse Width TCLCLs3 

(22) TSFPC SLO/FST Setup to PCLK TEHEL + 100 

(23) TSTART RES or START Valid to CLK Low 2TELEL +2 


(24) TSTOP STOP Command Valid to CLK High 2TCHCH + 
. TRSVCH 


2TELEL 


O 


3TCHCH 


+ 
& 


TIMING RESPONSES 
(25)  TCLCL 
(26) TCHCL 
(27) TCLCH 


CLK/CLK50 Cycle Period 
CLK HIGH Time 

CLK LOW Time (2/3 TCLCL)-15 
(28) T5CHCL CLK50 HIGH Time 1/2 TCLCL)-7.5 
(29) TS5CLCH CLK50 LOW Time (1/2 TCLCL)-7.5 
(30) TCHICH2 CLK/CLK50 Rise Time 
(31) TCL2CL1 CLK/CLKS50 Fall Time 

(32) TPHPL PCLK HIGH Time 

(33) TPLPH PCLK LOW Time 

(34) TRYLCL Ready Inactive to CLK 


(1/3 TCLCL)+2 


~ 


TCLCL-20 
‘ TCLCL-20 


ns 


4-290 


f = 25MHz 


10%-10% Vin, Note 1, 
f = 25MHz 


f = 25MHz, Note 1 
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TCHCH = TCLCL 


1.0V to 3.5V 
1.0V to 3.5V 


Note 4 


82C85 


AC Electrical Specifications Voc = 5V 10%; T, = 0°C to+70°C (C82C85); Ty = -40°C to +85°C (182C85); 


T, = -55°C to +125°C (M82C85) (Continued) 
LIMITS 
PARAMETER UNITS 


| (35) TRYHCH Ready Active to CLK 2/3(TCLCL)-15 
(36) TCLIL CLK to Reset Delay 
(37) TCLPH CLK to PCLK HIGH Delay 


9)_Tost 
(0) _TOLOR 
(4) _TOHOL | OuputFal Tine xont Uf 
Trt 
(a) Torso oxtowecuxeotowsiew [| 


L_MAX 
| aarroucuyis | |e 
ee oe ae 
Fae, ees aera 

(38) Telpt_ | ctktoPcuxLowDey | ens 
a a 
eee ee 

oe ee 

ae eee ee 
ee oe 


NOTES: 
1. Slow and Fast Modes. 6. Input signals must switch between V\, max - 0.4 and Vi, min + 
2. Setup and hold necessary only to guarantee recognition at next 0.4 volts 
clock. 7. Timing measurements made with EFI duty cycle = 50%. 
3. Applies only to T3, TW states. 8. Oscillator start up time depends on several factors including 
4. Applies only to T2 states. crystal frequency, crystal manufacturer, capacitive load, 
temperature, power supply voltage, etc. This parameter is given 
5. All timing delays are measured at 1.5 volts unless otherwise - for information only. 
noted. 


9. Output signals switch between Vo, and Vo, unless otherwise 
specified. 
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Timing Waveforms | 
WAVEFORMS FOR CLOCKS 


(3) 
TELEL 


EFL | me Ny 
(1) — ~—TELEH 
TEHEL —=} = (2) 
: | P| 
| & 
CLK >—/, ee F 
' 1 : 
7 t 
i} t ‘ 
a ae vo? 
CLK5O 0 5 (28) , 
; — TSCHEL —~f--TSCLOH- (29) 
(37) 
| TCLPH TOLPL (38) t 
POLK, Cemnenenes . q 
1 L-" 
(15) TPHPL ee aan | 
iTEHYL ! (14) (32) (33) 


TYLEH 
CSYNC I—=4"~ 4 (16) 
: TYHYL 


CLK & CLKSO 
ov 


1.0V ‘ 
(30) TCHICH2 TEL2CL4(31) 


NOTE: All Timing Mesurements are made at 1.5 Volts Unless Otherwise Noted. 


WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


READY (35) (34) TRYLCL 
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Timing Waveforms (Continued) 


WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 
CLK 


rhea 


(12) TAIVRIV TCLRIX 


TAYYCL TCLAIX 13 
Tine 3 


TCLAYX (11) 


(35) e 
Rene TAYHCH (34) 


TRYLCL 


CLOCK STOP (F/C HIGH OR F/C LOW) 


EFI 


CLK 


TSTOP SEE NOTE 1 
| (24) 


CLKSO 


POLK 


CMOS 
PERIPHERALS 


§2/STOP SV DA. __ASSSSSSSSHIAS$SSS5SSHHAISIASASA'‘ Ss SSSA ASSN 


~ [+-rasvr (20) 


NOTE: 1. When F/C is low, CLK and CLK50 stop high. When FIC is high, CLK and CLK50 may stop either high or low. 


RES 


START 


CLOCKS START (F/C HIGH) 
ree a PW OR a a0) i dW i a Ft a fC 


rae Ce an Caen aa ee cae a 
c 
‘| 
USO fT > 
1 


(23) TSTART : 
PCLK 


80 LLL LLL LLL LLL LLL LLL LLL LL 
S| LLL LLL LLL LLL LLL 


S280 LLL LLL LLL LLL 


82C85 


Timing Waveforms (Continued) 


—-| (21) }—TsHst 


CLOCK START (F/C LOW) 


START 
(39) 


Tost —__—_—__+| 


ee LLU 


OSCILLATOR 8192 CYCLES 
STARTUP TIME 


PI ra ere Dees NB Na a ee a 


CLKSO 


PCLK 


NOTE: Start up count begins when the crystal oscillator reaches a suitable threshold level. 


RESET TIMING (CLK RUNNING WITH F/C LOW-OSC MODE) 
(CLK RUNNING-OR STOPPED WITH F/C HIGH EFI MODE) 


RES arama (| 


(21)TSHSL SSS ae as 


RESET TIMING (OSCILLATOR STOPPED, F/C LOW) | 


RES 


(21)TSHSL 
/ 
CLKy 
| id ae a ee ee Se, Oe 
L ole 
| ar caries 
RESET 


OSCILLATOR ) 
STARTUP 
TIME ees 


" calla LLL 


NOTE: 1. CLK, CLK50, PCLK Remain in the High State until RES goes high and 8192 valid oscillator cycles have 
been registered by the 82C85 internal counter (TOST time period). After R RES goes high and CLK, CLKS5O, 
PCLK become active, the RESET output will remain high for minimum of 16 CLK cycles (TRST) 
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Timing Waveforms (Continued) 
SLO/FST TIMING OVERVIEW 


SL A 
curso UU Lh 


NOTE: See Fast to Slow Clock Mode Transition for Detailed Timing 
See Slow to Fast Clock Mode Transition for Detailed Timing 


FAST TO SLOW CLOCK MODE TRANSITION 


197 TO 200 EFi 
Jn =~ OR OSC CYCLES 


tyr] 

 Aegs 

x 

on 

oe 
t 
bog 
r-4 
t 


(22) 
; (22) 
eee --| | bone 
i 6 EF! = 
PULSES 


aa seas pete 


Nees Nee IN 


“IF TSFPC is not met on one edge of PLCK. SLO/FST will be recognized on the next edge of PLCK. 
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_ Test Load Circuits 


PASSIVE LOAD _ DYNAMIC LOAD 
s | 
FROM OUTPUT ; FROM OUTPUT 
UNDER TEST UNDER TEST 
CL CL 
ay SEE NOTE 3 | b SEE NOTE 3 
R=360 @ V = 2.25 for CLK and CLK5O outputs lo, = SMA, IOH = -5mA for CLK and CLK50 outputs 
R=470 @ V = 2.87 for all other outputs (Except X2) lo. = 5mA, IOH = -2.5mA for all other outputs (Except X2) 
: lo, = 2.5mA, IOH = -1.0mA for X2 output 
(DC Performance characteristic only) 
Vrrip = 1.4V 
NOTES: 1. C, = 100pF for CLK and CLK50 output 
2. C, = S0pF minimum for all other outputs 
3. C, = Includes probe and jig capacitance 
TCHCL, TCLCH LOAD CIRCUIT (USING X1, X2) TCHCL, TCLCH LOAD CIRCUIT (USING EFI) 


LOAD 
(SEE NOTE 1) 


Vec 


Vec 


LOAD 


Sor (SEE NOTE 1) 


(SEE NOTE 1) 


LOAD 
(SEE NOTE 2) 


TRIGGER 
PULSE 
GENERATOR 


LOAD 
(SEE NOTE 2) 


PULSE 
GENERATOR 
TRIGGER 


ROY2 osc 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
Vin + 0.4V Von 
15V — 1.5V 
Vit + 0.4V Vou 
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Burn-in Circuits 


MD82C85 CERAMIC DIP 
Vee 
R; sh 
Re 
A | 2 23 | Vee 
ano o Ne 
Re Ro 
Vec | 4 21 Vec 
“ — o ao ro 
2 Ro 
Vec | 6 19) Vec Vee 
GND id 18 A Rg 
A on i : 
GND | 9 16 NC 
Ry 1pF 
ae 10] 15 Vec 
2 Ro 
Voc 14] 14 Vec 
Ra Ra 
Voc 12] 13] Voc EACH INPUT EACH 
NC - NO CONNECT BOARD 
MR82C85 CERAMIC LCC ss 
BOTTOM VIEW 24 
ac 
Veco ae 2 uu 
oO & 
co 
GND A GND NC Vee NC us 
Ro Ro 
R. 
Voc — NC 
Re 
NC z Voc 
2 R 
Voc =. FO 
GND a 
A A 
GND B 
NC NC 
NOTES: 
Vec = 5.5V +0.5V, GND = OV 
Vin = 4.5V +10% 
Vi = -0.2 to 0.4V 
R, = 100kQ, 5% A Vec NC Voc Vee 
Ro = 10k, +5% 


Rg = 47k, +5% 

Ry, = 470kQ, +5% 

C1 = 0.01pF (minimum) 
FO = 100kHz +10% 
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Metallization Topology 


DIE DIMENSIONS: 
107.9 x 122.0 x 19 + 1mils 


METALLIZATION: 
Type: Si - AL 
Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 


Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
2.26x 10° A/cm? | 
This device meets glassivation integrity test requirements per 
MIL-STD-883 Method 2021 and MIL-M-38510, Paragraph 
3.5.5.4. 


Metallization Mask Layout 


82C85 


AEN1 PCLK CSYNC . vcc X1 


RY 1 He — 
, i Ar — Li li it A ide; | i La = 
aN : bering Wn ee All 
T ae ES) at (QE est Gs 4, 
READY 5 jut iE oS aes = yell: 
eal] wean) | PSEC fT ae| as Eas 
: Le aoe N Oa | ke ic Se 


RDY2 


yy 


es cis 
Hie saat ee et 
sess < 
eS 


ee 
..~ 


iSirs 
tt rh 


AEN2 


a 


— rf 
52%, 
= 


CLK 


———— F— 
ri fPeseawe 
i= 
—— *, 5 
ae | SS = 
en . . 
=F i-.-..-- ae 
t —- 
r = 
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HA aes an ea 


GND 


CLKS5O START SLO/FST SO 
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OSC 


RES 


RESET 


FARRIS 


SEMICONDUCTOR 


ap 82C86H 


CMOS Octal Bus Transceiver 


February 1992 


Features 


Full Eight Bit Bi-directional Bus Interface 
industry Standard 8286 Compatible Pinout 
High Drive Capability 


Description 


The Harris 82C86H is a high performance CMOS Octal Trans- 
ceiver manufactured using a self-aligned silicon gate CMOS pro- 
cess (Scaled SAJI IV). The 82C86H provides a full eight-bit bi- 
directional bus interface in a 20 pin package. The Transmit (T) con- 


« BSId@IOL........ cc ccc ccc ccccccuce 20ma__trol_determines the data direction. The active low output enable 

: (OE) permits simple interface to the 80C86, 80C88 and other 

PB SICONOR crepes sees eaat eens tetas tem microprocessors. The 82C86H has gated inputs, eliminating the 

¢ Three-State Outputs need for pull-up/pull-down resistors and reducing overall system 
¢ Propagation Delay...............5. 35ne Max. cPeraling power dissipation. 


Gated Inputs 
- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors 


Ordering Information 


TEMPERATURE 
RANGE 


Plastic DIP 0°C to +70°C =| CP82C86H-5 CP82C86H 


Reina eis 
¢ Low Power Operation .......... ICCSB=10HA [picc 
* Operating Temperature Range 
5 \CO2CECH ic csiici Genet dace oaen 0°C to +70°C =| Ceramic DIP 
© (S2CEGH 6 i. ics eescc tues oes ~40°C to +85°C j 
- M82C86H...............06: -55°C to +125°C 55°C to+126°C |MDE2CeHB | CS | 2 
ee ae ed ee 
(ON okies 
SMD # 5962-87577012A | - cc 
a. 
Pinouts 
20 LEAD DIP 20 LEAD PLCC AND LCC 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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= Logic Zero 
= Input Mode 
O = Output Mode 
X  =Don'tCare 
Hi-Z = High Impedance 


H =Logic One 
L 
| 


PIN NAMES 


[ew DESCRIPTION 
[GE [tvs Low Output Enable 
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File Number 2977 


82C86H 


Functional Diagram 


Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal 
becomes high impedance (“float” condition), it could create 
an indeterminate logic state at the inputs and cause a 
disruption in device operation. 


' The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device is 
disabled (OE = logic one for the 82C86H/87H). These gated 

inputs disconnect the input circuitry from the VCC and 


vec vcc 


sTB 


INTERNAL 
DATA 


DATA IN 


FIGURE 1. 82C82/83H 


ground power supply pins by turning off the upper P-channel 
and lower N-channel (See Figures 1 and 2). No current flow 
from VCC to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 


D.C. input voltage levels can also cause an increase in ICC if 


these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this 
condition will occur only during the time the device is in the 
transparent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 101A during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 


Decoupling Capacitors 


The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C86H/87H data 
sheet is determined by 


| = CL (dv/dt) 


Assuming that all outputs change state at the same time and 
that dv/dt is constant; 


(VCC x 80%) 
tR/tF 


b=CL 


where tR = 20ns, VCC = 5.0V, CL = 300pF on each eight 
outputs. 


| = (8 x 300 x 10°") x (5.0V x 0.8)/(20 x 10°) 


This current spike may cause a large negative voltage spike 
on VCC which could cause improper operation of the device. 
To filter out this noise, it is recommended that a 0.1pF 
ceramic disc capacitor be placed between VCC and GND at 
each device, with placement being as near to the device as 
possible. 


ycc 


OE 
DATA IN ligase 
vcc 
P 
N 


FIGURE 2. 82C86H/87H GATED INPUTS 


Specifications 82C86H 


Absolute Maximum Ratings 


Supply VONAGG -ieahi oie desde eet Uke eae ac aeeaeeeas +8.0V 
Input, Output or I/O Voltage ............. GND-O.5V to Voc +0.5V 
Storage Temperature Range .............006: -65°C to +150°C 
Junction Temperature... 2.0... ec ec ce eee +175°C 
Lead Temperature (Soldering 10s). ........... cece +300°C 
ESD Classification... ...ccsccccccsccnnsecccevecens Class 1 


Reliability Information 
Thermal Resistance 


ic 
Ceramic DIP Package............. 70°C/W 15°C/W 
Ceramic LCC Package ............ 76°CW 19°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package... 1... cece cee cere eens 720mW 
Ceramic LCC Package ....... 0... cece eee ee eee enee 664mW 
Gate COUN chs itor is Use aie eS a ee Re ss 265 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a strass only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................055 +4.5V to +5.5V Operating Temperature Range 
CB82CEGH ical ca Sateen eae oo te hie ede 0°C to +70°C 
IS2CEGH sais ew daedda sok e Ges Mets ne es -40°C to +85°C 
MB2C8GH 45. ioe ove it vaniarda anaes -55°C to +125°C 
DC Electrical Specifications vcC = 5.0V+10%; = T, = 0°C to +70°C (C82C86H); 
: = -40°C to +85°C (182C86H); 


Logical One 


Input Voltage 


Standby Power Supply 


ICCSB 
Current 

ICCOP | Operating Power Supply 
Current 


NOTES: 


1. VIH is measured by applying a pulse of magnitude = ViHmin to 
one data input at a time and checking the corresponding device 
output for a valid logical “1” during valid input high time. Control 
pins (T, OE) are tested separately with all device data input pins 
at VCC -0.4 


Capacitance T, = +25°C 


-55°C to +125°C (M82C86H) 


IOH = -8mA 
IOH = -4mA 
IOH = -100pA 


lIOL = 20mA 
IOL = 12mA 


VIN = GND or VCC DIP Pins 9, 11 


VO = GND or VCC, OE > VCC -0.5V 
DIP Pins 1 - 8, 12 - 19 


2. Typical |CCOP = 1mA/MHz of read/ cycle time. (Example: 1.0ys 
read/write cycle time = 1mA). 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 


Input Capacitance 
B Inputs 
A Inputs 


Freq = 1MHz, all measurements are 
referenced to device GND 
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Specifications 82C86H 


5:0V + 10%; 


AC Electrical Specifications vcc = Tr 
; Freq = 1MHz Ts 
Ts 


SYMBOL 


(1) TIVOV 
Non-inverting 


rv 


(7) TEHEL Minimum Output Enable High Time 


NOTES: 


1. All AC parameters tested as per test circuits and definitions in tim- 
ing waveforms and test load circuits. Input rise and fall times are 
driven at 1ns/V. 


2. Input test signais must switch between VIL - 0.4V and VIH +0.4V. 


PARAMETER 


Input to Output Delay. 


Inverting 


82C86H 


82C86H-5 


3. A system limitation only when changing direction. Not a mea- 
sured parameter. 


Timing Waveform | 


TR, TF (6) 
INPUTS | raed 
OE 
OUTPUTS 
T 


rn 


0°C to +70°C (C82C86H); 
-40°C to +85°C (182C86H); 
-55°C to +125°C (M82C86H) 


NOTE 4 
82C86H | 82C86H-5 
MAX 


MAX UNITS 


TEST CONDITIONS 


4. 82C8G6H is available in commercial and industrial temperature 
ranges only. 82C86H-5 is available in commercial, industrial and 
military temperature ranges. 


TEHEL (7) 


(4) 
TEHOZ 
VOH -0.1V 


VOL +0.1V 
TEHTV (2) 


TTVEL (3) 


All timing measurements are made at 1.5V unless otherwise noted. 
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Test Load Circuits 


A SIDE OUTPUTS 
2.36V 
1600 
TEST 
OUTPUT POINT 
100pF* Ml 
TIVOV 
LOAD CIRCUIT 
B SIDE OUTPUTS 
2.27V 
91Q 
TEST 
OUTPUT POINT 
300pF* at 
TIVOV 
LOAD CIRCUIT 


82C86H 


1.5V 


3752 


TEST 


OUTPUT POINT 


100pF* ‘i 


TELOV 
OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


1.5V 


1800 


TEST 


OUTPUT POINT 


300pF* t 


TELOV 
OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


1.5V 


91Q 


TEST 


OUTPUT POINT 


100pF* 7 


TELOV 
OUTPUT LOW ENABLE 
LOAD CIRCUIT 


1.5V 


$19 


TEST 


OUTPUT POINT 


300pF* a 


TELOV 
OUTPUT LOW ENABLE 
LOAD CIRCUIT 


“Includes jig and stray capacitance 
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2.36V 


1600 


TEST 


OUTPUT POINT 


50pF* Jt 


TEHOZ 
OUTPUT LOWHIGH DISABLE 
LOAD CIRCUIT 


2.27V 


91 


TEST 


OUTPUT POINT 


50pF* ai 


TEHOZ 
OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 


CMOS 
PERIPHERALS 


82C86H 


Burn-In Circuits | 
MD82C86H CERAMIC DIP 


vec | 
ra " gi 20) ae! 
F2 Nn 2 | 19) A 
F2 vs 3 | 18 -A 
F2 Mw 4 A 
F2 N 5 | 16) A 
F2 n Gl 15] A vcc 
F2 W 14] A ms 
F2 \—{ 8 | 13 | A 

ie N 2. 18 Rt _~ R3 

10) 44] vcc 
\/ 
MR82C86H CERAMIC LCC - 
vcc ci 
F2 F2 F2 F3 
R5|R5 | RS RS 

F2 R5 a R5 F3 
F2 R5 51 R5 F3 
ce 7S 31 RS a 
Fo 7 i F3 
em : 1 = F3 


R4 R41 R5 | RS 


Fo \/ Fi F3 F3 


NOTES: 

VCC = 5.5V + 0.5V, GND = 0V 
VIH = 4.5V + 10% 

VIL = -0.2V to 0.4V 

Rl = 47kQ + 5% 

R2 = 2.4kQ + 5% 

R3 = 1.5kQ + 5% 

R4 = 1kQ+ 5% 

R§ = 5kQ+ 5% 

C1 =0.01pF minimum 

FO = 100kHz + 10% 

F1 = F0/2, F2 = F1/2, F3 = F2/2 
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82C86H 


Metallization Topology 


DIE DIMENSIONS: 
138.6 x 155.5 x 19 + 1Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.47 x 10° A/cm? 


Metallization Mask Layout 


82C86H 
A2 Al AO vcc 


in 


nn 


eee 


ei 
(e- 
f 


HI 


—, 


ao 
Orr _* 
araneeeT i it 


Ili =. iy 
lef’ Hl iy iif iit nel “if | | 
Flin oe a 


til 


Lue, be it ai i. o 
Eero wbetnet Pay ae 

ca coogi es ac 
I ii “mann 


| ) 
Lepage 


rhe 

—_— 

= 
- 
7] 
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aD 


FARRIS 


SEMICONDUCTOR 


February 1992 


Features 


Full Eight Bit Bi-directional Bus Interface 
industry Standard 8287 Compatible Pinout 


High Drive Capability: 

= B SIGGIOL. isiicers esawereseeGeteas 20mA 
= A Side 1OM 6 oi. cscs necaceesccwswes 12mA 
Three-State Inverting Outputs 

Propagation Delay................. 35ns Max. 


Gated Inputs: 
- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors 


Single 5V Power Supply 

aati .++-ICCSB = 10uA 
Operating Temperature Range _ 

- C82C87H....... ehaates aL ash aah 0°C to +70°C 


- I82C87H...........c2 cece eee -40°C to +85°C 
- M82C87H.................. -55°C to +125°C 


Low Power Operation 


82C87H 


CMOS Octal Inverting Bus Transceiver 


Description 


The Harris 82C87H is a high performance CMOS Octal Transceiver 
manufactured using a self-aligned silicon gate CMOS process 
(Scaled SAJI IV). The 82C87H provides a full eight-bit bi-directional 
bus interface in a 20 pin package. The Transmit (T) control deter- 
mines the data direction. The active low output enable (OE) permits 
simple interface to the 80C86, 80C88 and other microprocessors. 
The 82C87H has gated inputs, eliminating the need for pull-up/pull- 
down resistors and reducing overall system operating power dissi- 
pation. The 82C87H provides inverted data at the outputs. 


Ordering Information 


TEMPERATURE 
RANGE 
Plastic DIP 0°C to +70°C 3=— | CP82C87H-5 CP82C87H 


-40°C to +85°C =| IP82C87H-5 IP82C87H 
PLCC ‘0°C to +70°C CS82C87H-5 CS82C87H 
Ceramic DIP 


40°C 1 +050 
[55% wo +125°6 [wDezcaTHee | 
___|sssa-ersrroana | 
cc 

es 


-55°C to +125°C_ | MR82C87H-5/B 
|, | 5962-87577022A 


Pinouts 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.G. Handling Procedures. 


20 LEAD DIP 
TOP VIEW © 
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TRUTH TABLE 


TOP VIEW 


H = Logic One 

L =Logic Zero 

| = Input Mode 

O = Output Mode 

X = Don't Care 

Hi-Z = High Impedance 


PIN NAMES 


[PIN [ DESCRIPTION _ 
i 


File Number 2978 
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82C87H 


Functional Diagram 


aS 


Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
-make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input switch- 
ing threshold. Additionally, if the driving signal becomes high 
impedance (“float” condition), it could create an indetermi- 
nate logic state at the inputs and cause a disruption in 
device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device is 
disabled (OE = logic one for the 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 


vcc vcc 


STB 


INTERNAL 
DATA 


DATA IN 


FIGURE 1. 82C82/83H 


ground power supply pins by turning off the upper P-channel 
and lower N-channel (See Figures 1 and 2). No current flow 
from VCC to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 


D.C. input voltage levels can also cause an increase in ICC if 
these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input cir- 
cuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi- 
tion will occur only during the time the device is in the trans- 
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10,.A during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 


Decoupling Capacitors 


The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C86H/87H data 
sheet is determined by 
[= CL (dv/dt) . 
Assuming that all outputs change state at the same time and 
that dv/dt is constant; 
'=CL (VCC x 80%) 
tR/tF 


where tR = 20ns, VCC = 5.0V, CL = 300pF on each eight 
outputs. 


| = (8 x 300 x 10°") x (5.0V x 0.8)/(20 x 10°) 
= 480mA 


This current spike may cause a large negative voltage spike 
on VCC which could cause improper operation of the device. 
To filter out this noise, it is recommended that a 0.1pF 


ceramic disc capacitor be placed between VCC and GND at. 


each device, with placement being as near to the device as 
possible. 


vcc 


INTERNAL 


DATA IN DATA 


FIGURE 2. 82C86H/87H GATED INPUTS 
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Absolute Maximum Ratings 


Supply Voltage ................ PE ee ee eee +8.0V 
Input, Output or I/O Voltage ............. GND-0.5V to Voco+0.5V 
Storage Temperature Range ...............65 -65°C to +150°C 
Junction Temperature................ su ihre Sek uate +175°C 
Lead Temperature (Soldering 10s).............2ce eens +300°C 


ESD Classification ........... 0. ccc cece cece evcesece Class 1 


Reliability Information 


Thermal Resistance Bin 8, 
Ceramic DIP Package............. ~70°C/W 15°C/W 
Ceramic LCC Package ............ 76°C/W 19°C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ........... cee cece eee nee 720mW 
Ceramic LCC Package ............ pe aee canal eas 664mW 

Gale Counts iiisdacven oases oo ey eee eee ews 265 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range...............e cee +4.5V to +5.5V Operating Temperature Range 
COQCS7 A: icc cua iwasaaeuanine stew asiegead 0°C to +70°C 
IB2CBT Ac peruaeinad ween vane saarsss Oae Sad’ -40°C to +85°C 
MBQCBT HN ois bio pov e Ue eed eaaeoeatantees -55°C to +125°C 
DC Electrical Specifications VCC = 5.0V + 10%; 
Ta = 0°C to +70°C (C82C87H); 
Ty = -40°C to +85°C (182C87H); 
Ta, = -55°C to +125°C (M82C87H) 


SYMBOL PARAMETER 


Logical Zero Input Voltage 


Logical One Output Voltage 


VOH 


B Outputs 


A Outputs 


A or B Outputs 
Logical Zero Output Voitage 
B Outputs 
A Outputs 


input Leakage Current 


VOL 
ICCSB_ | Standby Power Supply Current 
ICCOP | Operating Power Supply Current 


NOTES: 
1. VIH is measured by applying a pulse of magnitude = VIH min to 
one data input at a time and checking the corresponding device 
output for a valid logical “1” during valid input high time. Control 


pins (T, OE) are tested separately with all device data input pins 
at VCC -0.4V. 


Capacitance T, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS | 
CIN 


Input Capacitance 


[we Tmax Tunes [testconomons 


VIH Logical One V C82C87H, 182C87H, 
Input Voltage M82C87H (Note 1) 
a ee ee ee 


Vv IOH = -8mA 
IOH = -4mA 
Vv IOH = -100nA 


V IOL = 20mA 

V IOL = 12mA 

VIN = GND or VCC, DIP Pins 9, 11 

VO = GND or VCC, OE 2 VCC -0.5V 
DIP Pins 1-8, 12-19 

a 


pA VIN = VCC or GND, VCC = 5.5V, Outputs Open 


| mAMHz_ | T, = 425°C, VCC = 5V, Typical (See Note 2) 


2. Typical |CCOP = 1mA/MHz of read/write cycle time. (Example: 
1.0us, read/write cycle time = 1mA). 


Freq = 1MHz, all measurements are 
referenced to device GND 
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AC Electrical Specifications vcc = 5.0v+ 10%; T, = 0°C to +70°C (C82C87h); 
Freq = 1MHz Ty = -40°C to +85°C (182C87H); 
Ta = -55°C to +125°C (M82C87H) 
82C87H-5 
SYMBOL PARAMETER TEST CONDITIONS 
(1) TIVOV Input to Output Delay Notes 1, 2 


Inverting 


Non-Inverting 


Transmit/Receive Hold Time ie 
Cs 
Co 
Ce 
a oc 

| a 


( TEHEL Minimum Output Enable High Time 


82C87H 


82C87H-5 
NOTES: 
1. All AC parameters tested as per test circuits and definitions in tim- 4. 82C87H is available in commercial and industrial temperature 
ing waveforms and test load circuits. Input rise and fall times are ranges only. 82C87H-5 is available in commercial, industrial and 
driven at Ins/V. military temperature ranges. 


2. Input test signals must switch between VIL - 0.4V and VIH +0.4V. 


3. Asystem limitation only when changing direction. Not a mea- 
sured parameter. 


Timing Waveform 


TR, TF (6) 
2.0V 
INPUTS gd 
TEHEL (7) 
OE 
(4) 
TEHOZ 
VOH -0.1V 
OUTPUTS aa ee lee 
VOL +0.1V 
TEHTV (2) TTVEL (3) 
T 


4-309 


CMOS 
PERIPHERALS 


Test Load Circuits 


A SIDE OUTPUTS 
2.36V 
16022 


TEST 


ouTPuUT POINT 


100pF* ib 


TIVOV 
LOAD CIRCUIT 


B SIDE OUTPUTS 
2.27V 


91Q 


OUTPUT TEST 


300pF* i : 


TIVOV 
LOAD CIRCUIT 


POINT | 


— 82C87H_ 


1.5V 


375Q 


TEST 


OUTPUT POINT 


100pF* al 


TELOV 
OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


1.5V 


1802 


TEST 


SUIEUY POINT 


300pF* ib 


TELOV 


OUTPUT HIGH ENABLE 


LOAD CIRCUIT 


1.5V 


9120 


TEST 


OUTPUT POINT 


100pF* di 


TELOV 
OUTPUT LOW ENABLE 
LOAD CIRCUIT 


1.5V 


$12 


TEST 


OUTPUT POINT 


300pF* £ 


TELOV 
OUTPUT LOW ENABLE 
LOAD CIRCUIT 


* includes jig and stray capacitance 
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| 2.36V 


160Q 


TEST 


OUTPUT POINT 


50pF* at 


TEHOZ 
OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 


. 2.27V 


912 


TEST 


OUTPUT POINT 


SOpF* tb 


TEHOZ 
OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 


82C87H 


Burn-In Circuits 


MD82C87H CERAMIC DIP 
vec 
F2 Nn | 120 i— 
F2 iy 2 | 19) A 
F2 iy 3 | 18 A 
F2 —AW—l a A 
F2 iy 5 | 16 A 
F2 N 6 | 15) A vcc 
n—MW i : 7" 
F2 8 | 13) A 
Coa es 
10 14] . vec 
V 
MR82C87H CERAMIC LCC 
vcc C1 
F2 F2 F2 F3 
RS|_R5 | RS R5 
F2 —fs 4! ad F3 
ro 8S 5] = FS 
F2 AS + F3 
Fo 88 7] = F3 
F2 —FS st = F3 


| R4 R47 R5 | RS 


Fo \/ Fi F3 F3 
NOTES: 


VCC = 5.5V + 0.5V, GND = OV 
VIH = 4.5V + 10% 

VIL = -0.2V to 0.4V 

R1 = 47kQ + 5% 

R2 = 2.4kQ + 5% 

R3 = 1.5kQ + 5% 

R4 = 1kQ + 5% 

R5 = 5kQ + 5% 

C1 =0.01pF minimum 

FO = 100kHz + 10% 

F1 = F0/2, F2 = F1/2, F3 = F2/2 
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Metallization Topology 


DIE DIMENSIONS: 

138.6 x 155.5 x 19+ imils 
METALLIZATION: 

Type: Si - Al 

Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOz 
Thickness: ~ kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.47 x 10° A/om? 


Metallization Mask Layout 
82C87H 


ee 


A3 


A4 


AS 


A6 
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B2 


B3 


B4 


B5 


@ HARRIS 82C88 


February 1992 CMOS Bus Controller 
Features Description 
¢ Compatible with Bipolar 8288 The Harris 82C88 is a high performance CMOS Bus 


Controller manufactured using a Self-aligned silicon gate 
CMOS process (Scaled SAJI IV). The 82C88 provides the 


Performance Compatible with: 


bo 80C86/80C88 ee ee ee (5/8MHz) control and command timing signals for 80C86, 80C88, 
- B01BG/B018S ..... eee eee (6/8MHz) 8086, 8088, 8089, 80186, and 80188 based systems. The 
- BOBG/BOES .... eee eee eee ees (5/8MHz) high output drive capability of the 82C88 eliminates the need 
- 8089 for additional bus drivers. 
© Provides Advanced Commands for Multi-Master Static CMOS circuit design insures low operating power. The 
Busses Harris advanced SAJI process results in performance equal 
to or greater than existing equivalent products at a significant 
¢ Three-State Command Outputs power savings. 
¢ Bipolar Drive Capability Ordarina inl ti 
raering intormation 
¢ Scaled SAJI IV CMOS Process g 
TEMPERATURE 
¢ Low Power Operation Plastic DIP 0°C to +70°C 
+ CCSD cece eee eneinbae o one wegen was 10u.A (Max) 
© ICCOP oui a oan scan ks wei ce sue ws 1mA/MHz (Max) 
Pies 4 
e Operating Temperature Ranges TGicaREee SEG = 
© CB2C88 oe. ee eeeeeceeeeecceeeeees 0°C to +70°C | 40°Ctosesre fisezcss | | | 
SAB2CB6 onc ciaceceen tines scbanes -40°C to +85°C =| Ceramic DIP * a 
» MEZCEB oo. e ee eeeceeeecee ees 55°C to +125°C O& 
Lec 55°C 10 +125°C 
Pinouts 
20 LEAD DIP 20 LEAD PLCC AND LCC 
TOP VIEW TOP VIEW 


-4 
4) 
= 
85 
“7 
63 
“3 
Ti 
“3 
85 


irra spate te Beale 3 daniel 


6) 2 oO |9o Q 
& & B 5 |o 
= < 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2979 
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Functional Diagram 
MRDG 
MWTC 
STATUS uLTIBUS™ 
DECODER COMMAND ane COMMAND 
SIGNAL ORC reer 
GENERATOR lowe 
AlOwc 
oe eee iNTA 
CLK DT/R ADDRESS LATCH, 
CONTROL CONTROL : fom DEN __ | DATA TRANSCEIVER, 
INPUT LOGIC MCE/PDEN { AND INTERRUPT 


GENERATOR A eee ALE CONTROL SIGNALS © 


vcc GND TMMULTIBUS IS AN INTEL CORP. TRADEMARK 


Pin Description 


PIN 
SYMBOL | ees DESCRIPTION 


| vec {| 20 | | VCC: The +5V power supply pin. A 0.1,F capacitor between pins 10 and 20 is recommended for decoupling. 


STATUS INPUT PINS: These pins are the input pins from the 80C86, 80C88,8086/88, 8089 processors. The 
82C88 decodes these inputs to generate command and control signals at the appropriate time. When Status 
pins are not in use (passive), command outputs are held HIGH (See Table). 
CLOCK: This is a CMOS compatible input which receives a clock signal from the 82C84A or 82C85 clock gen- 
erator and serves to establish when command/control signals are generated. 
ADDRESS LATCH ENABLE: This signal serves to strobe an address into the address latches. This signal is | 
active HIGH and latching occurs on the falling (HIGH to LOW) transition. ALE is intended for use with transpar- 


ent D type latches, such as the 82C82 and 82C83H. 


Ee | DATA ENABLE: This signal serves to enable data transceivers onto either the local or system data bus. This 


signal is active HIGH. 


DATA TRANSMIT/RECEIVE: This signal establishes the direction of data flow through the transceivers. A HIGH 
on this line indicates Transmit (write to /O or memory) and a LOW indicates Receive (read from /O or memory). 


ADDRESS ENABLE: AEN enables command nd outputs of the 82088 Bus Controller a minimum of 110ns (250ns 
maximum) after it becomes active (LOW). AEN going inactive immediately three-states the command output 
drivers. AEN does not affect the /O command lines if the 82C88 is in the I/O Bus mode (|OB tied HIGH). 


COMMAND ENABLE: When this signal is LOW all 82C88 command outputs and the DEN and PDEN control 


DT/R 


outputs are forced to their Inactive state. When this signal is HIGH, these same outputs are enabled. 


INPUT/OUTPUT BUS MODE: When the IOB pin is strapped HIGH, the 82C88 functions in the I/O Bus mode. 
When it is strapped LOW, the 82C88 functions in the System Bus mode (See I/O Bus and System Bus sections). 


ADVANCED I/O WRITE COMMAND: The AIOWC issues an /O Write Command earlier in the machine cycle 
to give I/O devices an early indication of a write instruction. Its timing is the same as a read command as 
AIOWC is active LOW. 


VO WRITE COMMAND: This command line instructs an I/O device to read the data on the data bus. The signal 
is active LOW. 


(0 READ COMMAND: This command line instructs an I/O device to drive its data onto the data bus. This signal 
is active LOW. 


ADVANCED MEMORY WRITE COMMAND: The AMWC issues a memory write command earlier in the ma- 
chine cycle to give memory devices an early indication of a write instruction. Its timing is the same as a read 
command signal. AMWC is active LOW. 


MWTC MEMORY WRITE COMMAND: This command line instructs the memory to record the data present on the data 


bus. This signal is active LOW. 


MEMORY READ COMMAND: This command line instructs the memory to drive its data onto the data bus. 
MRDC is active LOW. 


INTERRUPT ACKNOWLEDGE: This command line tells an interrupting device that its interrupt has been ac- 
knowledged and that it should drive vectoring information onto the data bus. This signal is active LOW. 


This is a dual function pin. MCE (IOB IS TIED LOW) Master Cascade Enable occurs during an interrupt se- 
quence and serves to read a Cascade Address from a master 82C59A Priority Interrupt Controller onto the data 
bus. The MCE signal is active HIGH. PDEN (IOB IS TIED HIGH): Peripheral Data Enable enables the data bus 
transceiver for the /O bus that DEN performs for the system bus. PDEN is active LOW. . 
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Functional Description 


The command logic decodes the three 80C86, 8086, 80C88, 
8088, 80186, 80188 or 8089 status lines (SO, Si, $2) to 
determine what command is to be issued (see Table 1). 


TABLE 1. COMMAND DECODE DEFINITION 


82C88 
PROCESSOR STATE COMMAND 


}o | o | o | Interrupt Acknowledge | INTA 
reefs [ror [Oe 
bas Write VO Port TOWG, AIOWC 
ee 
ex Read Memory MROC 


Write Memory MWTC, AMWC 
es Cc 
VO Bus Mode 


The 82C88 is in the I/O Bus mode if the OB pin is strapped 
HIGH. In the I/O Bus mode, all I/O command lines IORC, 
IOWC, AIOWC, INTA) are always enabled (i.e., not depen- 
dent on AEN). When an I/O command is initiated by the pro- 
cessor, the 82C88 immediately activates the command lines 
using PDEN and DT/R to control the I/O bus transceiver. The 
1/O command lines should not be used to contro! the system 
bus in this configuration because no arbitration is present. 
This mode allows one 82C88 Bus Controller to handle two 
external busses. No waiting is involved when the CPU wants 
to gain access to the I/O bus. Normal memory access 
requires a “Bus Ready” signal (AEN LOW) before it will pro- 
ceed. It is advantageous to use the IOB mode if I/O or per- 
pherals dedicated to one processor exist in a multi- 
processor system. 


System Bus Mode 


The 82C88 is in the System Bus mode if the IOB pin is 
strapped LOW. In this mode, no command is issued until a 
specified time period after the AEN line is activated (LOW). 
This mode assumes bus arbitration logic will inform the bus 
controller (on the AEN line) when the bus is free for use. 
Both memory and 1/O commands wait for bus arbitration. 
This mode is used when only one bus exists. Here, both I/O 
and memory are shared by more than one processor. 


Command Outputs 


The advanced write commands are made available to initiate 
write procedures early in the machine cycle. This signal can 
be used to prevent the processor from entering an unneces- 
sary wait state. 


INTA (Interrupt Acknowledge) acts as an I/O read during an 
interrupt cycle. Its purpose is to inform an interrupting device 
that its interrupt is being acknowledged and that it should 
place vectoring information onto the data bus. 


The command outputs are: 
MRDC - Memory Read Command 
MWTC - Memory Write Command 


IORC - I/O Read Command 


IOWC - /O Write Command 

AMWC - Advanced Memory Write Command 
AIOWG - Advanced I/O Write Command 
INTA - Interrupt Acknowledge 


Control Outputs 


The control outputs of the 82C88 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) and Master Cascade Enable/ 
Peripheral Data Enable (MCE/PDEN). The DEN signal 
determines when the external bus should be enabled onto 
the local bus and the DT/R determines the direction of data 
transfer. These two signals usually go to the chip select and 
direction pins of a transceiver. 


The MCE/PDEN pin changes function with the two modes of 
the 82C88. When the 82C88 is in the IOB mode (IOB HIGH), 
the PDEN signal serves as a dedicated data enable signal 
for the 1/O or Peripheral System bus. 


interrupt Acknowledge and MCE 


The MCE signal is used during an interrupt acknowledge 
cycle if the 82C88 is in the System Bus mode (JOB LOW). 
During any interrupt sequence, there are two interrupt 
acknowledge cycles that occur back to back. During the first 
interrupt cycle no data or address transfers take place. Logic 
should be provided to mask off MCE during this cycle. Just 
before the second cycle begins the MCE signal gates a mas- 
ter Priority Interrupt Controller's (PIC) cascade address onto 
the processor's local bus where ALE (Address Latch Enable) 
strobes it into the address latches. On the leading edge of 
the second interrupt cycle, the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is read by 
the processor. 


If the system contains only one PIC, the MCE signal is not 
used. In this case, the second Interrupt Acknowledge signal 
gates the interrupt vector onto the processor bus. 


Address Latch Enable and Hailt 


Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
82C82/82C83H address latches. ALE also serves to strobe 
the status (SO, S1, S2) into a latch for halt state decoding. 


Command Enable 


The Command Enable (CEN) input acts as a command 
qualifier for the 82C88. If the CEN pin is high, the 82C88 
functions normally. If the CEN pin is pulled LOW, all com- 
mand lines are held in their inactive state (not 3-state). This 
feature can be used to implement memory partitioning and 
to eliminate address conflicts between system bus devices 
and resident bus devices. 
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Specifications 82C88 


Absolute Maximum Ratings 


Supply Vollages. o.o2esectes vara eingeatn ce aeeeds nee +8.0V 
Input, Output or I/O Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 6... cece ce eee tee +175°C 
Lead Temperature (Soldering 10s).............000000. +300°C 
ESD Classification .......... 0.00. c cece eee ee eee eee Class 1 


Reliability Information 


Thermal Resistance Bia «Be 
Ceramic DIP Package............. 77.8°CIW —-18.9°C/W 
Ceramic LCC Package ............ 76.0°C/W = 19.0°C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package............. cece eee re eeee 646mW 
Ceramic LCC Package ........... ccc eee ee eee eene 664mW 

Gate Coun s:csiise teu sie a tan pear eeemes Zo daes 100 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..............0ee eae +4.5V to+5.5V Operating Temperature Range 
C82C88 3.2 pions chad eerisa wee weaeys a 0°C to +70°C 
G2 CBS coi rh eek eo y ie eke pe sey ea wa ews -40°C to +85°C 
MG 2OGS iis oe hace ieee eee a at aoetee -55°C to +125°C 
DC Electrical Specifications VCC = 5.0V+ 10%; 
Ta = 0°C to +70°C (C82C88); 
u, = -40°C to +85°C (182C88); 
= -55°C to +125°C (M82C88) 


[erwsoc | _paraweren MN 


a Logical One Input Voltage Lee | 


oie Logical Zero Input Voltage ee 
VIHC CLK Logical One Input Voltage VCC -0.8 
VILC CLK Logical Zero Input Voitage Lines 


Output High Voltage 

Command Outputs jee a 4 

Output High Voltage 3.0 

Control Outputs VCC -0.4 
Output Low Voltage 
Command Outputs 


MN 
ron) 


NO 
ne) 


Output Low Voltage 
Control Outputs 
Input Leakage Current pa 


IBHH Input Leakage Current-Status Bus 


we Output Leakage Current 


ICCSB Standby Power Supply 
ICCOP Operating Power Supply Current 


NOTES: 


1. IBHH should be measured after raising the VIN on SO, S1, S2 to 
VCC and then lowering to valid input high level of 2.0V. 


Capacitance T, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
| CIN input Capacitance ne SD FREQ = 1MHz, all measurements are | 
ferenced to device GND 


‘TEST CONDITIONS 
C82C88, 182088 
M82C88 
IOH = 


IOH = 


IOH = -4.0mA 
IOH = -2.5mA 


Vv 

V 
is 
ee 


-8.0mMA 
-2.5mMA 


lOL = +8.0mMA 


VIN = GND or VCC, except SO. 
DIP Pins 1-2, 6, 15 


VIN = 2.0V, SO, $1, S2 (See Note 1) 


VO = GND or VCC, IOB = GND, AEN = VCC, . 
DIP Pins 7-9, 11-14 


VCC = 5.5V, VIN = VCC or GND, Outputs Open 
VCC = 5.5V, Outputs Open (See Note 2) 


2. ICCOP = 1mA/MHz of CLK cycle time (TCLCL) 
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Specifications 82C88 


AC Electrical Specifications VCC = 5.0V+ 10%; 


T, = 0°C to +70°C (C82C88); 
Ta = -40°C to +85°C (I182C88); 
T, = -55°C to +125°C (M82C88) 
[—symeot__[ PARAMETER | MN | WAX | UNITS | TESTCONDMTIONS | 
TIMING REQUIREMENTS 
() Tot [OKGweres ——SSC—~idSC“‘aBOCCdS SCS 
Ty To | Ciktownime ———SC~i ST Cd TT 
ray Tone. foiknintime ——S—SC—~i SC TC 
(@ _TSvoH__| Stas AcweSouptime «dts dT Sd 
(@) TCHSV | Status ractveHowTime | _10 | - |= |S 
M16) _TSHL | Stausinactve Soup Tine | 98 || = |_| 
@ TCLSH | StausAciveHoaTime | © |---| s | SS 
TIMING RESPONSES 
(@) TOWN | CowoAdveDow «Ts | | = | 1 + 
Ta) TOWNX | Convolinectve Dewy «dT to «dT | | 
Tio) TOLL, | ALE Actve Delay (roma) | - | | m= | 1 
Tit) TCLMGH | WCE Actve Delay (romoux) |---| [= | 1 
[ta TSVLH | ALE Actve Detay (rom Situs) | | 20 | [+ 
[tay _TSVMGH | MCE Active Delay (romsStatus) | | 90 | | 1 — 
(4) TOHL | A inacWveDowy «dT | Od 
(TOM | Commandacive Dewy —+| 8 | | = | 2 
Tie) ToL | Commandinactve Dey {5 | | = | 2 
[im ToHOTL | Drecton Contoracive Daay [|---| 80 | [1 
(@ TGHOTH | Drection Contvalinacive Dey | | |= | 1 
[ta TAELGH | Command Enable Time (Noe) | | 4 | s | 3 
[e0)TAEHCZ | Command Disnabio Time (Note) [| |= [| * 
@) TaELGV | Enable DoayTine _——=——S«d So aod ne 
CM C= ES 
rey ToEVW | GENioDENPOEN Sd] SCY | 
Tea) TGELAH | CENto Command Sid SSSC~i rt | | 
Tey Tun | AlEHghTime ——=SCs=~=“‘iztCSTMTO | | 
NOTES: 
1. TAELCH measurement is between 1.5V and 2.5V. 2. TAEHCZ measured at 0.5V change in VOUT. 
AC Testing Input, Output Waveform A.C. Test Circuit v1 
INPUT OUTPUT SuTuFERO af 
VIM +0.4V vou | * !ncludes Stray and Jig DEVICE TEST 
Capacitance UNDER TEST POINT 
1.5V 1.5V ci* 
VIL -0.4V VOL a 
A.C. Testing: .All input signals (other than CLK) must switch TEST CONDITION DEFINITION TABLE 


between VIL -0.4V and VIH +0.4. CLK must switch 
between 0.4V and VCC -0.4V. Input rise and fall times 
are driven at 1ns/V. 
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82C88 


Timing Waveforms note 3) 


STATE «o———_—_T4 —_——— Ty T2 ow TF 


CLK 


oe LS 
ADDR | WRITE 


TCLLH 
(10) 5 rH 
Las] 
- 7 i AY Le 


=~ 
2) 
> 
a 
< 
a 
— 
re = 
~-—* 
~ 
‘2 
co 
2) 
z 
a 


(16) 
PP FCLMH 
™_ SL | | ihe 
AMWC, AidWC 
sa ve ye 
READ | 

DEN NTA) 
led had onidl foe 

FEN na 

(8) 
CVNV--+ 
DEN (WRITE) 
ee on 
POEN (WRITE) . 
TcHoTH , ={( 18) 
OT/R (READ) | 
(NTA) . 
TcHoTt (17) | 
| 
/ . | 
MCE @) (18) fcHoTH- + 
"A 
~ teumcn—+| b-_, seyGau TevNx (9) 
| (11) 13) 
NOTES: | 
1. Address/Data Bus is shown only for reference purposes. 3. All timing measurements are made at 1.5V unless otherwise 
2. Leading edge of ALE and MCE is determined by the falling edge specified. 


of CLK or status going active. Whichever occurs last. 
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Timing Waveforms (Continued) (Note 3) 


DEN, PDEN QUALIFICATION TIMING 


CEN 
a aa 
TAEVNV (22) 
TCEVNV (23) 
PDEN 


ADDRESS ENABLE (AEN) TIMING (THREE-STATE ENABLE/DISABLE) 


TAELCV 
AEN 1.5V 1.5V 


oe i — 0.5V VOH 


Y) 

MAND mR 
COMMAND 2 cr 
— = 

TCELRH q@ @ 

yy (24) ria 

CEN wy, Wi 

A. 


TCELRH (24) 


NOTE: CEN must be low or invalid prior to T2 to prevent the command from being generated. 


NOTES: 
1. Address/Data Bus is shown only for reference purposes. 3. All timing measurements are made at 1.5V unless otherwise 
2. Leading edge of ALE and MCE is determined by the falling edge specified. ; 


of CLK or status going active. Whichever occurs last. 
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Burn-In Circuit 


NOTES: 


1. VCC = 5.5V + 0.5V 
GND = 0V 


2. VIH = 4.5V + 10% 
VIL = -0.2V to +0.4V 


3. Component Values: 
R1 = 47kQ, 1/4W, 5% 
R2 = 1.5kQ, 1/4W, 5% 
R3 = 10kQ, 1/4W, 5% 
R4 = 1.2kQ, 1/4W, 5% 
C1 = 0.01pF (Min) 
FO = 100kHz + 10% 
F1 = FO0/2 
F2=F1/2...F7=F6/2 


82C88 


MD82C88 CERAMIC DIP 
31 
7—M—{r ea 
FO 2 | 19] 
32 
F3 3 | 18, 
A 4 | 
re oe 16} 
FS 6 | 15) 
A 14) 
A 8 | 13 
A 9 | 42 | 
vec —| 10 a4 
C1 
\/ 
MR82C88 CERAMIC LCC 
F3 FO FY VCC F4 
ra iri [Rt R4 
R4 
vec/2 
VCC/2 ¥ 
FS \ 
4 
VCC/2 
RA 
VCC/2 
19! 40! 44! 42! 43! 
r4 ine (R4 
C1 
vec ——] 
vec/2\/__s vcc/2 
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> Fr FP FP 


vcc 


R3 


82C88 


Metallization Topology 


DIE DIMENSIONS: 
103.5 x 116.5 x 19 + 1mils 


METALLIZATION: 
Type: Si- Al 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.9 x 10° A/cm? 


Metallization Mask Layout 
82C88 


AEN 


MRDC 


mi 


! 
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ao 
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Features 


Pin Compatible with Bipolar 8289 


Performance Compatible with: 
= BO0CB8G/B0CBSE.. 1... cee cece eee eee (5/8MHz) 


Provides Multi-Master System Bus Control and 
Arbitration 


Provides Simple Interface with 82C88/8288 Bus 
Controller 


Synchronizes 80C86/8086, 80C88/8088 Processors 
with Multi-Master Bus 


Bipolar Drive Capability 


Four Operating Modes for Flexible System Configura- 
tion 


Description 


The Harris 82C89 Bus Aribiter is manufactured using a self- 
aligned silicon gate CMOS process (Scaled SAJI IV). This 
circuit, along with the 82C88 bus controller, provides full bus 
arbitration and control for multi-processor systems. The 
82C839 is typically used in medium to large 80C86 or 80C88 
systems where access to the bus by several processors 
must be coordinated. The 82C89 also provides high output 
current and capacitive drive to eliminate the need for addi- 
tional bus buffering. . 


Static CMOS circuit design insures low operating power. The 
advanced Harris SAJI CMOS process results in perfor- 
mance equal to or greater than existing equivalent products 
at a significant power savings. 


Ordering Information 


¢ Low Power Operation TEMPERATURE 
oe escenmioe rosacty | prcxace | REE” | onscncone 
s IC COP 54 bose twa wee sa eaietekek’ 1mA/MHz (Max) Plastic DIP 
¢ Operating Temperature Ranges | -40°Cto+85°C =| IPa2csg— esi 
SS OBQCBD bo eacicoucwaneoidecaaies 0°C to +70°C [pice 
- 182C89........... eee eee sees -40°C to +85°C 
- M82C89...... Suiesa ws areas: eee -55°C to +125°C Geramic DIP 
-55°C to +125°C 
LCC -55°C to +125°C 
SMD# | 5962-85528012A 
Pinouts 
20 LEAD DIP 20 LEAD PLCC AND LCC 
TOP VIEW TOP VIEW 
52 11 
‘TOs [2 | 
SYSB/RESD | 3 | 
RESB | 4 | 4} 
BCLK [5 5} 
| ‘GREG hd 
BPRO 8 | 8) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


BPRN 
GND | 10] 
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Functional Diagram 
ARBITRATION 
TM 
MULTIBUS MULTIBUS 
= INTERFACE COMMAND 
80C86/ s =e STATUS | SIGNALS 
80C88 
Perit = =e DECODER 
LOCK 
: CLK 
CONTROL/ CROLCK 
STRAPPING RESB beta ek LOCAL 
OPTIONS | ayvagst BUS 
1OB a eee SYSTEM 
SIGNALS 
SYSB/ 


Pin Description 


PIN 
SYMBOL TYPE 
ep 


+5V GND 
MULTIBUS™ js AN INTEL CORP. TRADEMARK 


DESCRIPTION 


VCC: The +5V Power supply pin. A 0.1p.F capacitor between pins 10 and 20 is recommened for 


decoupling. 


GROUND. 


STATUS INPUT PINS: The status input pins from an 80C86, 80C88 or 8089 processor. The 
82C89 decodes these pins to initiate bus request and surrender actions. (See Table 1). 


CLOCK: From the 82C84A or 82C85 clock chip and serves to establish when bus arbiter actions 
are initiated. 


LOCK: A processor generated signal which when activated (low) prevents the arbiter from sur- 
rendering the multi-master system bus to any other bus arbiter, regardless of its priority. 


COMMON REQUEST LOCK: An active low signal which prevents the arbiter from surrendering 


the multi-master system bus to any other bus arbiter requesting the bus through the CBRQ input 


RESIDENT BUS: A strapping option to configure the arbiter to operate in systems having both a 
multi-master system bus and a Resident Bus. Strapped high, the multi-master system bus is re- 
quested or surrendered as a function of the SYSB/RESB input pin. Strapped low, the SYSB/ 
RESB input is ignored. 


ANY REQUEST: A strapping option which permits the multi-master system bus to be surren- 
dered to a lower priority arbiter as if it were an arbiter of higher priority (i.e., when a lower priority 
arbiter requests the use of the multi-master system bus, the bus is surrendered as soon as it is 
possible). When ANYRQST is strapped low, the bus is surrendered according to Table A in De- 
sign Information. If ANYRQST is strapped high and_CBRQ is activated, the bus is surrendered 
at the end of the present bus cycle. Strapping CBRQ low and ANYRQST high forces the 82C89 
arbiter to surrender the multi-master system bus after each transfer cycle. Note that when sur- 
render occurs BREQ is driven false (high). 
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Pin Description (Continued) 


PIN : 
SYMBOL | NUMBER DESCRIPTION 


\O BUS: A strapping option which configures the 82C89 Arbiter to operate in systems having both 
an IO Bus (Peripheral Bus) and a multi-master system bus. The arbiter requests and surrenders 
the use of the multi-master system bus as a function of the status line, S2. The multi-master sys- 
tem bus is permitted to be surrendered while the processor is performing |O commands and is 
requested whenever the processor performs a memory command.interrupt cycles are assumed 
as coming from the peripheral bus and are treated as an |O command. 


ADDRESS ENABLE: The output of the 82C89 Arbiter to the processor's address latches, to the 
82C88 Bus Controller and 82C84A or 82C85 Clock Generator. AEN serves to instruct the Bus 
Controller and address latches when to three-state their output drivers. 


INITIALIZE: An active low multi-master system bus input signal used to reset all the bus arbiters 
on the multi-master system bus. After initialization, no arbiters have the use of the multi-master 
system bus. 


SYSTEM BUS/RESIDENT BUS: An input signal when the arbiter is configured in the Systenv 
Resident Mode (RESB is strapped high) which determines when the multi-master system bus is 
requested and multi-master system bus surrendering is permitted. The signal is intended to orig- 
inate from a form of address-mapping circuitry, such as a decoder or PROM attached to the res- 
ident address bus. Signal transitions and glitches are permitted on this pin from 61 of T4 to 61 of 
T2 of the processor cycle. During the period from 61 of T2 to 61 of T4, only clean transitions are 
permitted on this pin (no glitches). If a glitch occurs, the arbiter may capture or miss it, and the 
multi-master system bus may be requested or surrendered,depending upon the state of the glitch. 
The arbiter requests the multi-master system bus in the Syster/Resident Mode when the state 
of the SYSB/RESB pin is high and permits the bus to be surrendered when this pin is low. 


Q 
w 
Ps) 
2) 


COMMON BUS REQUEST: An input signal which instructs the arbiter if there are any other arbi- 
ters of lower priority requesting the use of the multi-master system bus. 


The CBRQ pins (open-drain output) of all the 82C89 Bus Arbiters which surrender to the multi- 
master system bus upon request are connected together. 


The Bus Arbiter running the current transfer cycle will not itself pull the CBRQ line low. Any other 
arbiter connected to the CDRQ line can request the milti-master system bus. The arbiter presently 
running the current transfer cycle drops its BREQ signal and surrenders the bus whenever the 
proper surrender conditions exist. Strapping CBRQ low and ANYRQST high allows the multi- 
master system bus to be surrendered after each transfer cycle. See the pin definition of 
ANYRQST. 


BCLK BUS CLOCK: The multi-master system bus clock to which all multi-master system bus interface 
signals are synchronized. 


BREQ 7 BUS REQUEST: An active low output signal in the Parallel Priority Resolving Scheme which the 
arbiter activates to request the use of the multi-master system bus. 


BUS PRIORITY IN: The active low signal returned to the arbiter to instruct it that it may acquire 
the multi-master system bus on the next falling edge of BCLK. BPRN active indicates to the arbiter 
that it is the highest priority requesting arbiter presently on the bus. The loss of BPAN instructs 
the arbiter that it has lost priority to a higher priority arbiter. 


BUS PRIORITY OUT: An active low output signal used in the serial priority resolving scheme 
where BPRO is daisy-chained to BPRN of the next lower priority arbiter. 


BUSY: An active low open-drain multi-master system bus interface signal used to instruct all the 
arbiters on the bus when the multi-master system bus is available. When the multi-master system 


bus is available the highest requesting arbiter (determined by BPRN) seizes the bus and pulls 
BUSY low to keep other arbiters off of the bus. When the arbiter is done with the bus, it releases 
the BUSY signal, permitting it to go high and thereby allowing another arbiter to acquire the multi- 
master system bus. 
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Functional Description 


The 82C89 Bus Arbiter operates in conjunction with the 
82C88 Bus Controller to interface 80C86, 80C88 processors 
to a multi-master system bus (both the 80C86 and 80C88 
are configured in their max mode). The processor is 
unaware of the arbiter’s existence and issues commands as 
though it has exclusive use of the system bus. If the proces- 
sor does not have the use of the multi-master system bus, 
the arbiter prevents the Bus Controller (82C88), the data 
transceivers and the address latches from accessing the 
system bus (e.g. all bus driver outputs are forced into the 
high impedance state). Since the command sequence was 
not issued by the 82C88, the system bus will appear as “Not 
Ready” and the processor will enter wait states. The proces- 
sor will remain in Wait until the Bus Arbiter acquires the use 
of the multi-master system bus whereupon the arbiter will 
allow the bus controller, the data transceivers, and the 
address latches to access the system. Typically, once the 
command has been issued and a data transfer has taken 
place, a transfer acknowledge (XACK) is returned to the pro- 
cessor to indicate “READY” from the accessed slave device. 
The processor then completes its transfer cycle. Thus the 
arbiter serves to multiplex a processor (or bus master) onto 
a multi-master system bus and avoid contention problems 
between bus masters. 


Arbitration Between Bus Masters 


In general, higher priority masters obtain the bus when a 
lower priority master completes its present transfer cycie. 
Lower priority bus masters obtain the bus when a higher pri- 
ority master is not accessing the system bus. A strapping 
option (ANYRQST) is provided to allow the arbiter to surren- 
der the bus to a lower priority master as though it were a 
master of higher priority. If there are no other bus masters 
requesting the bus, the arbiter maintains the bus so long as 
its processor has not entered the HALT State. The arbiter will 
not voluntarily surrender the system bus and has to be forced 
off by another master’s bus request, the HALT State being 
the only exception. Additional strapping options permit other 
modes of operation wherein the multi-master system bus is 
surrendered or requested under different sets of conditions. 


Priority Resolving Techniques 


Since there can be many bus masters on a multi-master sys- 
tem bus, some means of resolving priority between bus 
masters simultaneously requesting the bus must be pro- 
vided. The 82C89 Bus Arbiter provides several resolving 
techniques. All the techniques are based on a priority con- 
cept that at a given time one bus master will have priority 
above all the rest. There are provisions for using parallel pri- 
ority resolving techniques, serial priority resolving tech- 
niques, and rotating priority techniques. 


Parallel Priority Resolving 


The parallel priority resolving technique uses a separate bus 
request line BREQ for each arbiter on the multi-master sys- 
tem bus, see Figure 1. Each BREQ line enters into a priority 
encoder which generates the binary address of the highest 
priority BREQ line which is active. The binary address is 
decoded by a decoder to select the corresponding BPRN 


(Bus Priority In) line to be returned to the highest priority 
requesting arbiter. The arbiter receiving priority (BPRN true) 
then allows its associated bus master onto the multi-master 
system bus as soon as it becomes available (i.e., the bus is 
no longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it must 
wait until the present bus transaction is complete. Upon 
completing its transaction the present bus occupant recog- 
nizes that it no longer has priority and surrenders the bus by 
releasing BUSY. BUSY is an active low “OR” tied signal line 
which goes to every bus arbiter on the system bus. When 
BUSY goes inactive (high), the arbiter which presently has 
bus priority (BPRN true) then seizes the bus and pulls BUSY 
low to keep other arbiters off of the bus. See waveform tim- 
ing diagram, Figure 2. Note that all multimaster system bus 
transactions are synchronized to the bus clock (BCLK). This 
allows the parallel priority resolving circuitry or any other pri- 
ority resolving scheme employed to settle. 


T4HCt48 
PRIORITY 
ENCODER 


74HC138 
3108 
OECODER 


NOTES: 
1. Higher priority bus arbiter requests the Multi-Master system bus. 
2. Attains priority. 
3. Lower priority bus arbiter releases BUSY. 


4. Higher priority bus arbiter then acquires the bus and pulls BUSY 
down. 


FIGURE 2. HIGHER PRIORITY ARBITER OBTAINING THE BUS 


FROM A LOWER PRIORITY ARBITER 
Serial Priority Resolving 


The serial priority resolving technique eliminates the need 
for the priority encoder-decoder arrangement by daisychain- 
ing the bus arbiters together, connecting the higher priority 
bus arbiter’s BPRO (Bus Priority Out) output to the BPRN of 
the next lower priority. See Figure 3. 
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NOTE: The number of arbiters that may be daisy-chained together 
in the serial priority resolving scheme is a function of BCLK and the 
- propagation delay from arbiter to arbiter. Normally, at 10MHz only 3 
arbiters may be daisychained. 


FIGURE 3. SERIAL PRIORITY RESOLVING 


Rotating Priority Resolving 


The rotating priority resolving technique is similar to that of 
the parallel priority resolving technique except that priority is 
dynamically re-assigned. The priority encoder is replaced by 
a more complex circuit which rotates priority between 
requesting arbiters thus allowing each arbiter an equal 
chance to use the multi-master system bus, over time. 


Which Priority Resolving Technique To Use 


There are advantages and disadvantages for each of the 
techniques described above. The rotating priority resolving 


PROCESSOR 
LOCAL BUS 


TRANSCEIVER 
820864 /62C87H 
fe) 


technique requires substantial external logic to implement 
while the serial technique uses no external logic but can 
accommodate only a limited number of bus arbiters before 
the daisy-chain propagation delay exceeds the multimaster’s 
system bus clock (BCLK). The parallel priority resolving tech- 
nique is in general a good compromise between the other 
two techniques. It allows for many arbiters to be present on 
the bus while not requiring too much logic to implement. 


82C89 Modes Of Operation 


There are two types of processors for which the 82C89 will 
provide support: An Input/Output processor (i.e. an NMOS 
8089 IOP) and the 80C86, 80C88. Consequently, there are 
two basic operating modes in the 82C89 bus arbiter. One, 
the 1OB (I/O Peripheral Bus) mode, permits the processor 
access to both an I/O Peripheral Bus and a multi-master sys- 
tem bus. The second, the RESB (Resident Bus mode), per- 
mits the processor to communicate over both a Resident 
Bus and a multi-master system bus. An I/O Peripheral Bus is 
a bus where all devices on that bus, including memory, are 
treated as I/O devices and are addressed by I/O commands. 
All memory commands are directed to another bus, the 
multi-master system bus. A Resident Bus can issue both 
memory and I/O commands, but it is a distinct and separate 
bus from the multi-master system bus. The distinction is that 
the Resident Bus has only one master, providing full avail- 
ability and being dedicated to that one master. 


The 1OB strapping option configures the 82C89 Bus Arbiter 
into the 1OB mode and the strapping option RESB config- 
ures it into the RESB mode. It might be noted at this point 
that if both strapping options are strapped false, the arbiter 
interfaces the processor to a multi-master system bus only 
(see Figure 4). With both options strapped true, the arbiter 
interfaces the processor to a multi-master system bus, a 
Resident Bus, and an I/O Bus. 


XACK MULTI-MASTER 
SYSTEM BUS 


MULTI-MASTER 
CONTAOL BUS 


MULTI-MASTER SYSTEM 

COMMANDO BUS 
MULTI-MASTER 
SYSTEM BUS 


MULTI-MASTER SYSTEM 
ADORESS BUS 


MULTI-MASTER SYSTEM 
DATA BUS 


FIGURE 4. TYPICAL MEDIUM COMPLEXITY CPU SYSTEM 
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In the IOB mode, the processor communicates and controls 
a host of peripherals over the Peripheral Bus. When the I/O 
Processor needs to communicate with system memory, it 
does so over the system memory bus. Figure 5 shows a pos- 
sible I/O Processor system configuration. 


The 80C86 and 80C88 processors can communicate with a 
Resident Bus and a multi-master system bus. Two bus con- 
trollers and only one Bus Arbiter would be needed in such a 
configuration as shown in Figure 6. In such a system config- 
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uration the processor would have access to memory and 
peripherals of both busses. Memory mapping techniques are 
applied to select which bus is to be accessed. The SYSB/ 
RESB input on the arbiter serves to instruct the arbiter as to 
whether or not the system bus is to be accessed. The signal 
connected to SYSB/RESB also enables or disables com- 
mands from one of the bus controllers. A summary of the 
modes that the 82C89 has, along with its response to its sta- 
tus lines inputs, is shown in Table 1. 


XACK MULTI-MASTER 
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FIGURE 6. 82C89 BUS ARBITER SHOWN IN SYSTEM - RESIDENT BUS CONFIGURATION 
*By adding another 82C89 arbiter and connecting its AEN to the 82C88 whose AEN is presently grounded, the processor 


could have access to two multi-master buses. 
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TABLE 1. SUMMARY OF 82C89 MODES, REQUESTING AND RELINQUISHING THE MULT-EMASTER SYSTEM BUS 


SINGLE LINES FROM . 
80C86 OR 80C88 OR 8088 1OB MODE SINGLE BUS 
vO 
Commands 


1OB=LOW |. 10B = HIGH 
RESB = LOW RESB = LOW 


1. X = Multi-Master System Bus is allowed to be Surrendered. 
2. ft = Multi-Master System Bus is Requested. 


MULTI-MASTER SYSTEM BUS 
REQUESTED” SURRENDERED* 

Single Bus Multi-Master Mode | OB = High Whenever the processor's status lines | HLT + Tle CBRQ + HPBRQ ¢ 

RESB = Low go active 
RESB Mode Only 10B = High SYSB/RESB + High « (SYSB/RESB = Low + TI) « 

RESB = High ACTIVE STATUS CBRQ + HLT + HPBRQ 

Memory Commands (I/O Status + Tl) * CBRQ + HLT + 
HPBRQ 


IOB Mode RESB Mode 1OB = Low (Memory Command) « (/O Status Commands) + 
RESB=High ‘| (SYSB/RESB = High) SYSBVRESB = Low) * CBRO + 
HPBRQ + + HLT 


NOTES: 
* LOCK prevents surrender of Bus to any other arbiter, CROLCK prevents surrender of Bus to any lower priority arbiter. 
** Except for HALT and Passive or IDLE Status. 
+ HPBRQ, Higher priority Bus request or BPRN = 1. 
1. 1OB Active Low. 
. RESB Active High. 
. + is read as “OR” and « as “AND” 
. Tl = Processor Idle Status S2, S1, SO = 111 
. HLT = Processor Halt Status $2, ST, S0 = 011 


oF G® NM 
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Specifications 82C89 


Absolute Maximum Ratings 


SUPDIV VONBOG 05:5 oud ae eage et utias toda ceed +8.0V 
Input, Output or I/O Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature. ... 0.0... ce eee +175°C 
Lead Temperature (Soldering 10S)............20200e0e +300°C 
ESD Classification oc... cscs dene cae ve oes vevces ones Class 1 


Reliability Information 


Thermal Resistance Bia 
Ceramic DIP Package............. 80°C/W 
Ceramic LCC Package ............ 76°CW 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ........... ce cece eee eee 
Ceramic LCC Package ......... 0. cece eee eee 

Gale Count. 25655 ites rasaer se eee tenes 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................00 eee +4.5V to+5.5V Operating Temperature Range 
CO2C8G 2s Pune sila eevnarueree neces 0°C to +70°C 
IB2CBOE cece Stee ceacowneeereny eee etna -40°C to +85°C 
ME2C89 6s iis ieee udcuekenadetarent -55°C to +125°C 
DC Electrical Specifications vcc = 5.0v + 10%; 
Ta, = 0°C to +70°C (C82C89); 
. = -40°C to +85°C (182C89); 
= -55°C to +125°C (M82C89) 


SYMBOL PARAMETER p MIN | 


Logical Zero Input Voltage ae 
CLK Logical One Input Voltage 0.7 VCC 
VILC CLK Logical Zero Input Voltage Pees 
VOL Output Low Voltage 
BUSY, CBRQ 
AEN 
BPRO, BREQ 
VOH1 Output High Voltage 
BUSY, CBRQ 
VOH2 Output High Voltage 
All Other Outputs en sy 4 
ee Input Leakage Current p10 | 
IccsB_ | Standby Power Supply a 
ICCOP Operating Power Supply Current i = 


NOTES: 


1. Does not apply to IOB, RESB, or ANYRQST. These are strap op- 
tions and should be held to VCC or GND. 


Capacitance 1, = +25°C 


ee 


0.2 VCC 


0.45 
0.45 
0.45 


SS 


1OL= 20mA 


V 


UNITS TEST CONDITIONS 
C82C89, 182C89 
M82C89, Note 1 


VIN = GND or VCC, DIP Pins 1-6, 9, 14-19 
VO = GND or VCC, DIP Pins 11-12 


VCC = 5.5V, VIN = VCC or GND, Outputs Open 


VCC = 5.5V, Outputs Open, Note 2 


2. Maximum current defined by CLK or BCLK, whichever has the 


highest operating frequency 


referenced to device GND 
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AC Electrical Specifications VCC = 5.0V + 10%; GND = OV: 


Ta = 0°C to +70°C (C82C89); 

Ta = -40°C to +85°C (182089); ees 

Ta = -55°C to +125°C (MB2C89) 3 | : 
SYMBOL | PARAMETER — | omIN| [| MAX | UNIT TEST CONDITIONS _ 


(3) TCHCL CLK High Time 


| (12) TCLLL1 : K Inactive Hold 


(14) TPNBL BPRNJT to BCLK Setup Time 
(15) TCLSR1 SYSB/RESB Setup 
(16) TCLSR2 SYSB/RESB Hold 


(17)  TIVIH 


a 
| (TBLBL) 
=| 


10 
30 
Initialization Puise Width 675 


(18) TBLBRL BCLK to BREQ Delay!T 


(19) TBLPOH BCLK to BPROLT 
(20) TPNPO BPANIT to BPROLT Delay 


Note 1and3 


> 
>) 


Note 1 and 3 


oO 
Q 
~~ 
A 
So 
mee] 
Cc 
” 
< 
- 
° 
= 


(21)  TBLBYL 


Qt w 
= 
512 
o1 2 
p}]} °o 
mal] 
2 5 
a|< 
a 
rs) 
» 


(22) TBLBYH Note 2 and 3 


(23) TCLAEH 
(24) TBLAEL . 
(25) TBLCBL 
(26) TBLCBH 


BCLK to AEN Low 


BCLK to CBRQ Low 
BCLK to CBRQ Float 


> 
oO 


Note 2 and 3 


(27) TOLOH 
(28) TOHOL 


Output Rise Time From 0.8V to 2.0V, Note 4 


Output Fall Time 


—_ 


From 2.0V to 0.8V, Note 4 


(29). TIL. Input Rise Time From 0.8V to2.0V 

(30) TIHIL ‘| Input Fall Time Eee From 2.0V to0.8V 

NOTES: | | 

1. BCLK generates the first BPRO wherein subsequent BPRO 3. All AC parameters tested as per AC test load circuits. Input rise 
changes lower in the chain are generated through BPRON. and fall times are driven at ins/V. 

2. Measured at 0.5V above GND. | | 4, Except BUSY and CBRQ © 
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AC Test Load Circuits 


BUSY, CBRQ LOAD CIRCUIT 


2.5V 


1020 
OUTPUT FROM 
DEVICE TEST 


UNDER TEST POINT 


io 


82C89 


AC Testing Input, Output Waveform 


INPUT 
VIH +0.4V 


1.5V 
VIL -0.4V 


AEN LOAD CIRCUIT BPRO, BREQ LOAD CIRCUIT 
2.9V 2.9V 
187.20 249.622 
OUTPUT FROM OUTPUT FROM 
TEST TEST 
DEVICE DEVICE 
UNDER TEST PONT UNDER TEST Pom? 
L 100pF* ss 100pF* 
* Includes Stray and Jig Capacitance 
OUTPUT 
VOH AC Testing: Inputs are driven at VIH +0.4V for a logic “1” and VIL 
1.5V -0.4V for a logic “O”. The clock is driven at VCC -0.4V and 0.4V. Tim- 
ing measurements are made at 1.5V for both a logic “1” and “0”. 
VOL 
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Timing Waveform 


STATE —— 14 TI 


(1) TCLCL 
CLK $1 
(6) 
THVCH : 
\ 
ez, $1.0 ‘ee 
(12) 
TCLLLI : 


SYSB/RESB (SEE NOTE 2) 4 


(15) TCLSAT —=| 
AEN 
(SEE NOTE 3} 
TBLAEL .-‘TCLAE 
PROCESSOR CLK RELATED a (24) (23) 
BUS CLK RELATED (11) (10) 
TBHCL TBLBL 


BCLK 
(18) TBLBAL 3 
BREQ #2 7 


TBLPOH 
re ES: =e 


{BPRO #1) (14) 
TPNBL 
BPAO #2 
(BPRN #3) (20) || [eee pee eee —-- 
TPNPO 
TBYSBL (8) 
Busy 
i 1) 
(25) TBLCBL ore (2 
Can (ee) -. 
(26) TBLCBH Teeeak(9) 
NOTES: 
1. LOCK active can occur during any state, as long as the relation- 2. Glitching of SYSB/RESB is permitted nitted during this time. After 62 of 
ships shown above with respect to the CLK are maintained. T1, and before 61 of T4, SYSB/RESB should be stable to main- 
LOCK inactive has no critical time and can be asynchronous. tain system efficiency. 


CRQLCK has no critical timing and is considered an asynchro- 
nous input signal. 


ADDITIONAL NOTES: 


The signals related to CLK are typical processor signals, and do not relate to the depicted sequence of events of the signals referenced to 
BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for illustration. Assume 3 bus arbiters of priori- 
ties 1, 2 and 3 configured in serial priority resolving scheme (as shown in Figure 3). Assume arbiter 1 has the bus and is holding BUSY low. 
Arbiter #2 detects its processor wants the bus and pulls low BREQ #2. If BPRN #2 is high (as shown), arbiter #2 will pull low CBRQ line. 
CBRQ signals to the higher priority arbiter #1 that a lower priority arbiter wants the bus. [A higher prio rity arbiter would be granted BPRN 
when it makes the bus request rather than having to wait for another arbiter to release the bus through CBRQ]. “Arbiter #1 will relinquish the - 
multi-master system bus when it enters a state not requiring it (see Table 1), by lowering its BPRO #1 (tied to BPRN #2) and releasing BUSY. 
Arbiter #2 now sees that is has priority from BPRN #2 being low and releases CBRQ. As soon as BUSY signifies the bus is available (high), 
arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if arbiter #2 didn’t want the bus at the time it received priority, it would pass 
priority to the next lower priority arbiter by lowering its BPRO #2 [TPNPO]. 


“Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus. 


3. AEN leading edge is related to BCLK, trailing edge to CLK. The 
trailing edge of AEN occurs after bus priority is lost. 
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Burn-In Circuits 


- MD82C89 CERAMIC DIP 
vec 
1 
F7 WW C paaager —e 
F13 & re. 19] Nv F6 
Fi Nv | 3 18] v FS 
F12 AV 4 a FO 
Fo Agee 16) N— Fo 
vec N 6 | 15 | a F10 
vcc/2 pan 14] 4 Fi1 
me 
Fe QO 42) vCCc/2 
10] 14] 
\/ 
MR82C89 CERAMIC LCC 
vec “si 
-FIAFI3- FT| Fe | | 
R2iR2iR2| {Re ) 
32 
F12 y | FS 
Fo Fo 
vcc N FO 
1 
8} Fit 


' duske Th dasta t coade 1 hake dene | 


'9! ‘40! 44! 49! 143! 


NOTES: 
1. VCC = 5.5V + 0.5V, GND = OV 
2. VIH = 4.5V + 10%, VIL = -0.2V to +0.4V 


3. Components Values: 
Ri = 1.2kQ, 1/4W, 5% 
R2 = 47kQ, 1/4W, 5% 
C1 = 0.01pF minimum 
FO = 100kKHz + 10% 
Fi = F0/2 
F2=F1/2... 

F14 = F13/2 
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Metallization Topology 


DIE DIMENSIONS: 
92.9 x 95.7x 19+ Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA + 2kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


82089 


Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.8 x 10° A/om? 


Metallization Mask Layout 


SYSB/RESB 


RESB 


BCLK 


INIT 


BREQ 


82C89 


vcc 


CLK 


B: a Ms Tock 


oT 
us VE 


at 


CROLCK 


yo a br 


ANYRQOST 


= lg B fen) => ik 
= ithe ol 2] = =| : 


4-334 


icroprocessor Products| 5) 


CMOS DATA COMMUNICATIONS 


PAGE 
CMOS DATA COMMUNICATIONS DATASHEETS 
82C50A Asynchronous Communications Element. ........0.0.0.0... 0. cee eee eens 5-3 
82C52 Serial Controller Interface... 0.0... ee cee tence eens 5-23 
CDP1854A, AC Programmaovle VARI... 222.2% sen adehos ocean ete Raia bane ete dwGer 5-41 
CDP1854A/3, AC/3 High-Reliability Programmable UART ............. 0... cee eee ee eens 5-58 
CDP6402, C Universal Asynchronous Receiver Transmitter (UART) ............0..00 02 eee ee 5-67 
HD-4702 Programmable Bit Rate Generator... 0.0... 0.0... cee eens 5-76 
HD-4702/883 Programmable Bit Rate Generator. ... 0.0.0.0... . cee eens 5-82 
HD-6402 Universal Asynchronous Receiver Transmitter (UART) ............. 0.0000 c eee 5-88 
HD-6402/883 Universal Asynchronous Receiver Transmitter (UART) ....................004. 5-95 
HD-6408 Asynchronous Serial Manchester Adaptor... .......0..0 00... eee 5-101 
HD-6409 Manchester Encoder-Decoder (MED) ................. eee ee ee 5-108 
HD-6409/883 Manchester Encoder-Decoder (MED) ............. 0.0.00 cc cee eee ee 5-121 Y 
HD-15530 Manchester Encoder-Decoder (MED) ............ 0.0... cee cece eee eee eee eaes 5-127 s! 2 
HD-15531 Manchester Encoder-Decoder (MED) ........... 0.0.0 ccc cece eee eee eens 5-139 a 5) 
HD-15531/883 Manchester Encoder-Decoder (MED) ........... 000 cece eee eee ee eee eee 5-151 2 Zz 
HS-3182 ARING 429 BUS DING sac Seve le tees bhatt ee ae ed ob GPSS EHR Oe hates 5-158 ez 
HS-3282 ARINC 429 Bus Interface Circuit... 0.0.0.0... 0.00. eee eee 5-163 = = 
ICL232 +5V Powered Dual RS-232 Transmitter/Receiver............. 000. e eee eee 5-176 e 
RELATED APPLICATION NOTES 
App Note 108 82C52 Programmable UART ........... 0.00. c cece eet eee ee eee 7-3 
App Note 400 Using the HS-3282 Bus Interface Circuit .........0. 20.0... 0... 7-61 


5-1 


Ris 


SEMICONDUCTOR 


82C50A 
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January 1992 Communications Element 
Features ca. Pinouts 40 LEAD PLCC 
© Single Chip UART/BRG 
e DC to 625K Baud (DC to 10MHZ Clock) dogi A vec 
© Crystal or External Clock Input ids 4 
e On Chip Baud Rate Generator 03 5h 
1 to 65535 Divisor Generates 16X Clock . om 
@ Prioritized Interrupt Mode 06 7 ouTi 
e Fully TTL/CMOS Compatible Pea! k A, 


e Microprocessor Bus Orlented Interface 

e 80C86/80C88 Compatible 

e Scaled SAJI IV CMOS Process 

e Low Power - 1 mA/MHz Typical 

© Modem interface 

e Line Break Generation and Detection 

e Loopback and Echo Modes 

e Doubled Buffered Transmitter and Receiver 
e Singie 5V Supply 


227) DISTR 
2109 OISTR 


Description 


The 82C50A Asynchronous Communication Element (ACE) is a 
high performance programmable Universal Asynchronous Re- 
ceiver/Transmitter (UART) and Baud Rate Generator (BRG) ona 
single chip. Using Harris Semiconductor's advanced Scaled 
SAJI IV CMOS Process, the ACE will support data rates from DC 
to 625K baud (0-10 MHz clock). 


The ACE’s receiver circuitry converts start, data, stop, and parity 
bits into a parailel data word. The transmitter circuitry converts a 
parallel data word into serial form and appends the start, parity, 
and stop bits. The word length is programmable to 5, 6, 7, or 8 
data bits. Stop bit selection provides a choice of 1, 1.5, or 2 stop 
bits. 


Functional Diagram 


The Baud Rate Generator divides the clock by a divisor 
programmable from 1 to 216-1 to provide standard RS-232C 
baud rates when using any one of three industry standard baud 
rate crystals (1.8432 MHz, 2.4576 MHz, or 3.072 MHz). A 
programmable buffered clock output (BAUDOUT) provides 
either a buffered oscillator or 16X (16 times the data rate) baud 
rate clock for general purpose system use. 


To meet the system requirements of a CPU interfacing to_an 
asynchronous channel, the modem control signals RTS, CTS, 
DSR, DTR, Ri, DCD are provided. Inputs and outputs have been 
designed with full TTL/CMOS compatability in order to facilitate 
mixed TTL/NMOS/CMOS system design. 


Ordering Information 


cso 12 24 CSOUT 

csi 13 

c82 14 23 bDIs TEMP RANGE 625K BAUD 
Ms 2 INTERRUPT 30 INTRPT Plastic 0°C to +70°C CP82C50A-5 

ENABLE, DIP 

AO 28 10, & CONTROL 

Al 27 -40°C to +85°C IP82C50A-5 
A2 26 

7 ii PLCC | o0°Cto+70°C | CS82C50A-5 
MR 35 
15 _BAUDOUT -40°C to +85°C IS82C50A-5 
LINE STATUS ilar alas 

La sad hl BAUD RATE i ETA Ceramic] 0°C to +70°C | CD82C50A-5 
DISTR 21 GENERATOR 17___XTAL2 DIP 

DosTR 19 " NUT -40°C to +85°C ID82C50A-5 
7 ee TRANSMITTER 

a -55°C to +125°C | MD82C50A-5/B 

0 1 32 ats 

) 2 : 

02 3 MODEM CONTROL 34 

03 4 31 

04 5 

05 6 

08 1 

07 8 


BSA 
MODEM STATUS co 
a 


CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Pin Description 


PIN ACTIVE 
NUMBER TYPE LEVEL DESCRIPTION 


DISTR, 22 DATA IN STROBE, DATA IN STROBE: DISTR, DISTR are read inputs 
DISTR 21 : which cause the 82C50A to output data to the data bus (D0-D7). The | 
data output depends upon the register selected _by the address inputs 
AO, A1, A2. The chip select inputs CSO, CS1, CS2 enable the DISTR, 
DISTR inputs. 
Only an active DISTR or DISTR, not both, is used to receive data from 
the 82C50A during a read operation. if DISTR is used as the read input, 
DISTR should be tied high. If DISTR is used as the active read input, 
DISTR should be tied low. © 
DOSTR, 19 H DATA OUT STROBE, DATA OUT STROBE: DOSTR, DOSTR are write 
DOSTR 18 L inputs which cause data from the data bus (D0-D7) to be input to the 
82C50A. The data input depends upon the register selected by the 
address inputs AO, A1, A2. The chip select inputs CSO, CS1, CS2 enable 
the DOSTR, DOSTR inputs. 
Only an active DOSTR or DOSTR, not both, is used to transmit data to 
the 82C50A during a write operation. If DOSTR is used as the write 
. input, DOSTR should be tied high. if DOSTR is used as the write input, 
DOSTR should be tied low. 
DO0-D7 1/0 DATA BITS 0-7: The Data Bus provides eight, 3-state input/output lines 
| for the transfer of data, control and status information between the- 
82C50A and the CPU. For character formats of less than 8 bits, D7, D6 
and D5 are “don't cares” for data write operations and 0 for data read 
operations. These lines are normally in a high impedance state except 
during read operations. DO is the Least Significant Bit (LSB) and is the 
first serial data bit to be received or transmitted. 


AO, At, 28, 27, \ - REGISTER SELECT: The address lines select the internal registers 
A2 26 BM during CPU bus operations. See Table 1. 
XTAL1, 16 ~ CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate 
XTAL2 17 Generator. XTAL1 can also be used as an external clock input, in which 
case XTAL2 should be left open. 


SOUT SERIAL DATA OUTPUT: Serial data output from the 82C50A 
transmitter circuitry. A Mark (1) is a logic one (high) and Space (0) isa 
logic zero (low). SOUT is held in the Mark condition when the 
transmitter is disabled, MR is true, the Transmitter Register is empty, or 
when in the Loop Mode. SOUT is not affected by the CTs input. 


ca an eee GROUND: Power supply ground connection (VSS). 


CLEAR TO SEND: The logical state of the CTs pin is reflected in the 
CTS bit of the (MSR) Modem Status Register (CTS is bit 4 of the MSR, 
written MSR(4)). A change of state in the CTS pin since the previous 
reading of the MSR causes the setting of DCTS (MSR(0)) of the Modem 
Status Register. When CTS pin is ACTIVE (low), the modem is 
indicating that data on SOUT can be transmitted on the 
communications link. If CTS pin goes INACTIVE (high), the 82C50A 
should not be allowed to transmit data out of SOUT. CTS pin does not 
affect Loop Mode operation. 

37 L DATA SET READY: The logical state of the DSR pin is reflected in 
MSR(5) of the Modem Status Register. DDSR (MSR(1)) indicates 
whether the DSR pin has changed state since the previous reading of 
the MSR. When the DSR pin is ACTIVE (low), the modem is indicating 
that it is ready to exchange data with the 82C50A, while the DSR Pin 
INACTIVE (high) indicates that the modem is not ready for data 
exchange. The ACTIVE condition indicates only the condition of the 
local Data Communications Equipment (DCE), and does not imply that 
a data circuit as been established with remote equipment. 


82C50A 


Pin Description 


PIN ACTIVE 
SYMBOL | NUMBER TYPE LEVEL DESCRIPTION 


LEE DATA TERMINAL READY: The DTR pin can be set (low) by writing a 


logic 1 to MCR(0), Modem Control Register bit 0. This signal is cleared 
_ va 


(high) by writing a logic 0 to the DTR bit (MCR(0)) or whenever a MR 
ACTIVE (high) is applied to the 82C50A. When ACTIVE (low), DTR pin 
indicates to the DCE that the 82CS50A is ready to receive data. In some 
instances, DTR pin is used as a power on indicator. The INACTIVE 
(high) state causes the DCE to disconnect the modem from the 
telecommunications circuit. 


REQUEST TO SEND: The RTS signal is an output used to enable the 
modem. The RTS pin is set low by writing a logic 1 to MCR(1) bit 1 of the 
Modem Control Register. The RTS pin is reset high by Master Reset. 
When ACTIVE, the RTS pin indicates to the DCE that the 82C50A has 
data ready to transmit. In half duplex operations, RTS is used to control 
the direction of the line. 


BAUDOUT: This output is a 16X clock out used for the transmitter 
section (16X = 16 times the data rate). The BAUDOUT clock rate is equal 
to the reference oscillator frequency divided by the specified divisor in 
the Baud Rate Generator Divisor Latches DLL and DLM. BAUDOUT 
may be used by the Receiver section by tying this output to RCLK. 


OUTPUT 1: This is a general purpose output that can be programmed 
ACTIVE (low) by setting MCR(2) (OUT1) of the Modem Control 
Register to a high level. The OUT1 pin is set high by Master Reset. The 
OUT1 pin is INACTIVE (high) during loop mode operation. 


OUTPUT 2: This is a general purpose output that can be programmed 
ACTIVE (low) by setting MCR(3) (OUT2) of the Modem Control 
Register to a high level. The OUT2 pin is set high by Master Reset. The 
OUT2 signal is INACTIVE (high) during loop mode operation. 


RING INDICATOR: When low, RI indicates that a telephone ringing 
signal has been received by the modem or data set. The RI signalisa 
modem control input whose condition is tested by reading MSR(6) (Rl). 
The Modem Status Register output TERI (MSR(2)) indicates whether 
the Ri input has changed from a Low to High since the previous reading 
of the MSR. If the interrupt is enabled (1ER(3)=1) and Ri changes froma 
Low to High, an interrupt is generated. The ACTIVE (low) state of Ri 
indicates that the DCE is receiving a ringing signal. RI! will appear 
ACTIVE for approximately the same fength of time as the ACTIVE 
segment of the ringing cycle. The INACTIVE state of RI! will occur 
' during the INACTIVE segments of the ringing cycle, or when ringing is 
not detected by the DCE. This circuit is not disabled by the INACTIVE 
condition of DTR. 
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DATA CARRIER DETECT: When ACTIVE (low), DCD indicates that the 
data carrier has been detected by the modem or data set. DCD is a 
modem input whose condition can be tested by the CPU by reading 

_ MSR(7) (DCD) of the Modem Status Register. MSR(3) (DDCD) of the 
Modem Status Register indicates whether the DCD input has changed 

since the previous reading of the MSR. DCD has no effect on the 

receiver. If the DCD changes state with the modem status interrupt 
enabled, an interrupt is generated. 


When DCD is ACTIVE (low), the received line signal from the remote 
terminal is within the limits specified by the DCE manufacturer. The 
INACTIVE (high) signal indicates that the signal is not within the 
specified limits, or is not present. 
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Pin Description 


| PIN ACTIVE _ 
SYMBOL | NUMBER | TYPE LEVEL DESCRIPTION 


- aa 


MASTER RESET: The MR input forces the 82C50A into an idle mode in 
which all serial data activities are suspended. The Modem Control 
Register (MCR) along with its associated outputs are cleared. The Line 
Status Register (LSR) is cleared except for the THRE and TEMT bits, 
which are set. The 82C50A remains in an idie state until programmed to 
resume serial data activities. The MR input is a Schmitt trigger input. 
See the D. C. Electrical Characteristics for Schmitt trigger logic input 
voltage levels. See Table 7 for a summary of Master Reset’s effect on 
82C50A operation. 


INTERRUPT REQUEST: The INTRPT output goes ACTIVE (high) when 
one of the following interrupts has an ACTIVE (high) condition and is 
enabled by the Interrupt Enable Register: Receiver Error flag, Received 
Data Available, Transmitter Holding Register Empty, and Modem 
Status. The INTRPT is reset low upon appropriate service or a MR 
operation. See Figure 1. Interrupt Control Structure. 


SERIAL DATA INPUT: The SIN input is the serial data input from the 
communication line or modem to the 82C50A receiver circuits. A mark 
(1) is high, and a space (0) is low. Data inputs on SIN are disabled when 
operating in the loop mode. 


VCC: +5 volt positive power supply pin. A 0.14A decoupling capacitor 
from VCC (pin 40) to GND (pin 20) is recommended. 


CHIP SELECT: The Chip Setect inputs act as enable signals for the 
write (DOSTR, DOSTR) and read (DISTR, DISTR) input signals. The 
Chip Select inputs are latched by the ADS input. 


CHIP SELECT OUT: When ACTIVE (high), this pin indicates that the 
chip has been selected by active CSO, CS1, and CS2 inputs. No data 
transfer can be initiated until CSOUT is a logic 1, ACTIVE (high). 


DRIVER DISABLE: This output is INACTIVE (low) when the CPU is 
reading data from the 82C50A. An ACTIVE (high) DDIS output can be 
used to disable an external transceiver when the CPU is reading data. 


ADDRESS STROBE: When ACTIVE (low), ADS S latches the Register 
Select (A0,A1,A2) and Chip Select (CSO, CS1, CS2) inputs. An active 
ADS is required when the Register Select pins are not stable for the 
duration of the read or write operation, multiplexed mode. If not 
required, the ADS input should be tied low, non-multiplexed mode. 


This input is the 16X Baud Rate Clock for the receiver section of the 
82C50A. This input may be provided from the BAUDOUT output or an 
external clock. 
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Block Diagram 


(1-8 DATA BUS 
i BUFFER 
+5V a POWER 
GND SUPPLY 


(28) 
Poem 7 
bo a) 
cso mn 
cs) SELECT 
C82 ——~5 & 
= 7 
OISTA (22) 
— 
Q0STR ——~T ay 
OSTA —~Ta, 
Dols Fz, 
csouT <+— TF 
TAL! 1 
XTAL2 


SCRATCH 
REGISTER 


Accessible Registers 


The three types of internal registers in the 82C50A used in the 
operation of the device are control, status, and data registers. 
The control registers are the Bit Rate Select Register DLL and 
DLM, Line Control Register, Interrupt Enable Register and 
the Modem Control registers, while the status registers are 
the Line Status Registers and the Modem Status Register. 
The data registers are the Receiver Buffer Register and 
Transmitter Holding Register. The Address, Read, and Write 
inputs are used in conjunction with the Divisor Latch Access 
Bit in the Line Control Register (LCR(7)) to select the register 
to be written or read (see Table 1.). Individual bits within 
these registers are referred to by the register mnemonic and 
the bit number in parenthesis. An example, LCR(7) refers to 
Line Control Register Bit 7. 


TABLE 1. ACCESSING 82C50A INTERNAL REGISTERS 


jorap}a2 | a1 | ao | MNEMONIC | REGISTER _| 
LA I A A a aS EET I ALE I RTS TE ETT OT SCTE IE EIT ET EY 


Receiver Buffer Register 
(read only) 

Transmitter Holding 
Register (write only) 
interrupt Enable Register 
Interrupt Identification 
Register (read only) 

Line Control Register 
Modem Control Register 
Line Status Register 
Modem Status Register 
Scratch Register 
Divisor Latch (LSB) 
Divisor Latch (MSB) 


X = “Don't Care” O = Logic Low 1 = Logic High 


The Transmitter Buffer Register and Receiver Buffer 
Register are data registers holding from 5-8 data bits. If 
less than eight data bits are transmitted, data is right 
justified to the LSB. Bit 0.of a data word is always the first 
serial data bit received and transmitted. The 82C50A data 


RECEIVER BUFFER RECEIVER SHIFT {10) 
LINE CONTROL RECEIVER TIMING (9} RCLK 
REGISTER & CONTROL 
pIVISOR 
LATCH (LS) BAUD RATE {15} 


DIVISOR 
LATCH (MS} 


gobliahy a es TRANSMITTER 


TRANSMITTER 
TRANSMITTER SHIFT REGISTER Ny) SOUT 
HOLDING REGISTER 


MODEM CONTROL 
REGISTER 


MODEM 
STATUS 
REGISTER 


INTERAUPT ENABLE }ommemmepp 
REGISTER Et INTERRUPT CONTROL (30) 
INTERRUPT (0 LOGIC 
a a 


BAUDOUT 
GENERATOR 


registers are double buffered so that read and write 
operations can be performed at the same time the UART is 
performing the parallel to serial nd serial to parallel 
conversion. This provides *:.. Aicroprocessor with 
increased flexibility in its read and write timing. 


LINE CONTROL REGISTER (LCR} 


rer | tcr | ice | ick | tcr | ocr | tcr 
7/6)5 1473 ]2]44 0 

re 5 DATA BITS 

6 DATA BITS 

7 DATA BITS 


8 DATA BITS 


1 STOP BIT 

1.5 STOP BITS 

\F 5 OATA BiT WORD 
LENGTH IS SELECTEO 

2 STOP BITS IF 6. 7. OR 8 
DATA BIT WORD LENGTH 
iS SELECTED 


SELECT 


—-o —-—-oo 
wo -_o- © 
bow won 


STOP 
BIT 
SELECT 


PARITY O = PARITY DISABLED 
ENABLE 1} = PARITY ENABLED 
(GENERATED & CHECKED) 
EVEN Q = O00 PARITY WHEN 
PARITY PARITY IS ENABLED 
SELECT 1) = EVEN PARITY WHEN 
PARITY 1S ENABLED 
STICK OQ = STICK PARITY DISABLED 
PARITY 1 = WHEN PARITY IS ENABLED 
FORCES THE TRANSMISSION 
AND CHECKING OF A PARITY 
BIT OF A KNOWN STATE. 
PARITY BIT FORCED 10 
A LOGIC 1 IF LCR (4) = 0 OR 
TO A LOGIC 0 IF LCR (4) = 1. 
BREAK 0 = BREAK DISABLED 
CONTROL | = BREAK ENABLED. 
THE SERIAL OUTPUT (SOUT) 
IS FORCED TO THE SPACING 
(LOGIC 0) STATE. 
OVISOR O = MUST BE LOW TO 
LATCH ACCESS THE RECEIVER BUFFER, 
ACCESS TRANSMITTER HOLOING REGISTER, O8 
BIT THE INTERRUPT ENABLE REGISTER. 


MUST BE HIGH TO ACCESS THE DIVISOR 
LATCHES OLL AND OLM OF THE BAUD RATE 
GENERATOR DURING A READ OR WRITE 
OPERATION 
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Line Control Register (LCR) 


The format of the data character is controlled by the Line 
Control Register. The contents of the LCR may be read, 
eliminating the need for separate storage of the line char- 
acteristics in system memory. The contents of the LCR 
are described below. 


LCR Bits 0 thru 7 


LCR (0) Word Length Select Bit 0 (WLSO) 
LCR (1) Word Length Select Bit 1 (WLS1) 
LCR (2) Stop Bit Select (STB) 

LCR (3) Parity Enabie (PEN) 

LCR (4) Even Parity Select (EPS) 

LCR (5) Stick Parity 

LCR (6) Set Break 

LCR (7) Divisor Latch Access Bit (DLAB) 


LCR(0) and LCR(1) word length select bit 0, word length 
select bit 1: The number of bits in each transmitted or re- 
ceived serial character is programmed as follows 


LCR(1) LCR(0) WORD LENGTH 


LCR(2) Stop Bit Select: LCR(2) specifies the number of 
stop bits in each transmitted character. If LCR(2) isa logic 
0, one stop bit is generated in the transmitted data. If 
LCR(2) is a logic 1 when a5 bit word length is selected, 1.5 
stop bits are generated. If LCR(2) isa logic 1 wheneithera 
6-, 7-, or 8-bit word length is selected, two stop bits are 
generated. The receiver checks for two stop bits if pro- 
grammed. 


LCR(3): Parity Enable: When LCR(3) is high, a parity bit 
between the last data word bit and stop bit is generated 
and checked. 


LCR(4) Even Parity Select: When parity is enabled 
(LCR(3)=1), LCR(4)=0 selects odd parity, and LCR(4)=1 
selects even parity. 


LCR(5) Stick Parity: When parity is enabled (LCR(3)=1), 
LCR(5)=1 causes the transmission and reception of a par- 
ity bit to be in the opposite state from that indicated by 
LCR(4). This allows the user to force parity to a known 
state and for the receiver to check the parity bit ina known 
state. 


LCR(6) Break Control: When LCR(6) is set to logic-1, the 
serial output (SOUT) is forced to the spacing (logic 0) 
state. The break is disabled by setting LCR(6) toa logic-0. 
The Break Control bit acts only on SOUT and has no 
effect on the transmitter logic. Break Control enables the 


CPU to alert a terminal in a computer communications 
system. If the following sequence is used, no erroneous or 
extraneous characters will be transmitted because of the 
break. 


1. Load an all Os pad character in response to THRE. 
2. Set break in response to the next THRE. 


3. Wait for the transmitter to be idle, (TEMT=1), and 
clear break when normal transmission has to be 
restored. 


During the break, the transmitter can be used as a charac- 
ter timer to accurately establish the break duration. 


LCR(7) Divisor Latch Access Bit (DLAB): LCR(7) must be 
set high (logic 1) to access the Divisor Latches DLL and 
DLM of the Baud Rate Generator during a read or write 
operation. LCR(7) must be input low to access the 
Receiver Buffer, the Transmitter Holding Register, or the 
Interrupt Enable Register. 


Line Status Register (LSR) 


The LSR is a single register that provides status indica- 
tions. The LSR is usually the first register read by the CPU 
to determine the cause of an interrupt or to poll the status 
of the 82C50A. 


Three error flags OE, FE, and PE provide the status of any 
error conditions detected in the receiver circuitry. During 
reception of the stop bits, the error flags are set high by an 
error condition. The error flags are not reset by the 
absence of an error condition in the next received charac- 
ter. The flags reflect the last character only if no overrun 
occured. The Overrun Error (OE) indicates that a charac- 
ter in the Receiver Buffer Register has been overwritten by 
a character from the Receiver Shift Register before being 
read by the CPU. The character is lost. Framing Error (FE) 
indicates that the last character received contained incor- 
rect (low) stop bits. This is caused by the absence of the 
required stop bit or by a stop bit too short to be detected. 
Parity Error (PE) indicates that the last character received 
contained a parity error based on the programmed and 
calculated parity of the received character. 


The Break Interrupt (BI) status bit indicates that the last 
character received was a break character. A break charac- 
ter is an invalid data character, with the entire character, 
including parity and stop bits, logic zero. 


The Transmitter Holding Register Empty (THRE) bit indi- 
cates that the THR register is empty and ready to receive 
another character. The Transmission Shift Register 
Empty (TEMT) bit indicates that the Transmitter Shift 
Register is empty, and the 82C50A has completed trans- 
mission of the last character. If the interrupt is enabled 
(1ER(1)), an active THRE causes an interrupt (INTRPT). 
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The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and 
that the CPU may access this data. 


Reading the LSR clears LSR(1)-LSR(4). (OE, PE, FE & 
Bl) 


LSR Bits 0 Thru 7 


LSR (0) Data Ready (DR) 
LSR (1) Overrun Error (OE) 
LSR (2) Parity Error (PE) 
LSR (3) Framing Error (FE) 


Not Ready 
No Error 
No Error 
No Error 
No Break 
Not Empty 


LSR (4) Break tnterrupt (B!) 


LSR (5) Transmitter Holding 
Register Empty (THRE) 


LSR (6) Transmitter Empty (TEMT) 
LSR (7) Not Used 


Not Empty 


The contents of the Line Status Register are indicated in 
the above table and are described below. 


LSR(0) Data Ready (DR): Data Ready is set high when an 
incoming character has been received and transferred 
into the Receiver Buffer Register. LSR(0) is reset low bya 
CPU read of the data in the Receiver Buffer Register. 


LSR(1) Overrun Error (OE): Overrun Error indicates that 
data in the Receiver Buffer Register was not read by the 
CPU before the next character was transferred into the 
Receiver Buffer Register, overwriting the previous char- 
acter. The OE indicator is reset whenever the CPU reads 
the contents of the Line Status Register. 


LSR(2) Parity Error (PE): Parity Error indicates that the re- 


ceived data character does not have the correct even or | 


odd parity, as selected by the Even Parity Select bit 
(LCR(4)). The PE bit is set high upon detection of a parity 
error, and is reset low when the CPU reads the contents of 
the LSR. 


LSR(3) Framing Error (FE): Framing Error indicates that 
the received character did not have a valid stop bit. LSR(3) 
is set high when the stop bit following the last data bit or 
parity bit is detected as a zero bit (spacing level). The FE 
indicator is reset low when the CPU reads the contents of 
the LSR. 7 


LSR(4) Break Interrupt (BI): Break Interrupt is set high 
when the received data input is held in the spacing (logic 


0) state for longer than a full word transmission time (start . 
bit + data bits + parity + stop bits). The BI indicator is reset. 
when the CPU reads the contents of the Line Status 


Register. 


LSR(1) - LSR(4) are the error conditions that produce a 
Receiver Line Status interrupt (priority 1 interrupt in the 
— Interrupt Identification Register (11R)) when any of the 
conditions are detected. This interrupt is enabled by set- 
ting IER(2)=1 in the Interrupt Enable Register. 


LSR(5) Transmitter Holding Register Empty (THRE): 
THRE indicates that the 82C50A is ready to accept a new 
character for transmission. The THRE bit is set high when 
a character is transferred from the Transmitter Holding 
Register into the Transmitter Shift Register. LSR(5) is re- 
set low by the loading of the Transmitter Holding Register 
by the CPU. LSR(5) is not reset by a CPU read of the LSR. 


When the THRE interrupt is enabled (IER(1)=1), THRE 
causes a priority 3 interrupt in the 11R. If THRE is the inter- 
rupt source indicated in IIR, INTRPT is cleared by a read 
of the IIR. 


LSR(6) Transmitter Empty (TEMT): TEMT is set high 
when the Transmitter Holding Register (THR) and the 
Transmitter Shift Register (TSR) are both empty. LSR(6) 
is reset low when a character is loaded into the THR and 
remains low until the character is transferred out of 
SOUT. TEMT is not reset low by a CPU read of the LSR. 


LSR(7): This bit is permanently set to logic 0. 

Modem Control Register (MCR) 

The MCR controls the interface with the modem or data 
set as described below. The MCR can be written and read. 
The RTS, DTR, OUT1, and OUT2 outputs are directly con- 


trolled by their control bits in this register. A high Input 
asserts a low (true) at the output pins. 


MCR Bits 0 thru 7 


MCR BIT MCR BIT 
LOGIC 1 LOGIC 0 


MCR (0) Data Terminal Ready 


(DTR) Output Low | Output High 
MCR (1) Request to Send RTS 
(RTS) Output Low | Output High 
MCR (2) OUT1 OUT1 OUT1 
. Output Low | Output High 
MCR (3) OUT2 OUT2 OUT2 
Output Low | Output High 
MCR (4) LOOP LOOP LOOP 
Enabled Disabled 


MCR (5) 0 
MCR (6) 0 
MCR (7) 0 


MCR(0): When MCR(0) is set high, the DTR output is 
forced low. When MCR(0) is reset low, the DTR output is 
forced high. The DTR output of the 82C50A may be input 
into an EIA inverting line driver as the 1488 to obtain the 
proper polarity input at the modem or data set. 


MCR(1): When MCR(1) is set high, the RTS output is 
forced low. When MCR(1) is reset low, the RTS output is 
forced high. The RTS output of the 82C50A may be input 
into an EIA inverting line driver as the 1488 to obtain the 
proper polarity input at the modem or data set. 
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MCR(2): When MCR(2) is set high, the OUTT output is 
forced low. When MCR(2) is reset low, the OUT1 outputis 
. forced high. OUT? is an user designated output. 


~ MCR(3): When MCR(3) is set high, the OUT2 \UT2 output is - 


forced low. When MCR(3) is reset low, the OUT2 output is 
forced high. OUT2 is an user designated output. 


MCR(4): MCR(4) provides a local loopback feature for 
diagnostic testing of the 82C50A. When MCR(4) is set 
high, Serial Output (SOUT) is set to the marking (logic 1) 
State, and the receiver data input Serial Input (SIN) is dis- 
connected. The output of the Transmitter Shift Register is 
looped back into the Receiver Shift Register input. The 
four modem control inputs (CTS, OSR, DC, and Ri) are 
disconnected. The four modem control outputs (DTR, 
RTS, OUT1 and OUT2) are internally connected to the 
four modem control inputs. The modem control output 
pins are forced to their inactive state (high). In the diag- 
nostic mode, data transmitted is immediately received. 
This allows the processor to verify the transmit and 
receive data paths of the 82C50A. 


_ In the diagnostic mode, the receiver and transmitter inter- 
rupts are fully operational. The modem control interrupts 
are also operational, but the interrupt sources are now the 
lower four bits of the MCR instead of the four modem 
control inputs. The interrupts are still controlled by the 
Interrupt Enable Register. 


MCR(5) - MCR(7): These bits are permanently set to 


logic 0. 


MOGEM CONTROL REGISTER (MCA) 


DATA 0 = OTA OUTPUT HIGH (INACTIVE) 
TERMINAL =} = OTA OUTPUT LOW (ACTIVE) 
READY 

REQUEST 0 = ATS OUTPUT WIGH (INACTIVE) 
To 1 = WTS OUTPUT LOW (ACTIVE) 
SEND 

OUT 1 OUT 1 OUTPUT HIGH (INACTIVE) 
OUT 1 OUTPUT LOW (ACTIVE) 


‘DUT 2 OUTPUT HIGH (INACTIVE) 
‘OUT 2 OUTPUT LOW {ACTIVE} 


LOOP DISABLED 
1 = LOOP ENABLED, 


THESE BITS ARE PERMANENTLY SET TO A LOGIC 0. 


0 
H 
OUT 2 0 
1 
0 


a nou uo 


Loop 


Modem Status Register (MSR) 


The MSR provides the CPU with status of the modem in- | 


put lines from the modem or peripheral device. The MSR 


allows the CPU to read the modem signal inputs by acces- » 
sing the data bus interface of the 82C50A. In addition to 


from the 82C50A transmitter output (SOUT). 


the current status information, four bits of the MSR indi- 
cate whether the modem inputs have changed since the 
last reading of the MSR. The delta status bits are set high | 
when a control input from the modem changes state, and 
reset low when the CPU reads the MSR. 


The modem input lines are CTS (pin 36), DSR (pin 37), Ri 
(pin 39), and DCD (pin 38). MSR(4) - MSR(7) are status 
indications of these lines. The status indications follow 
the status of the input lines. If the modem status interrupt 
in the Interrupt Enable Register is enabled (IER(3)), a 
change of state in a modem input signals will be reflected 
by the modem status bits in the IIR register, and an 
interrupt (INTRPT) is generated. The MSR is a priority 4 
interrupt. The contents of the Modem Status Register are 
described below: 


Note that the state (high or low) of the status bits are in- 


verted versions of the actual input pins. 


MSR Bits 0 thru 7 


MSR BIT | MNEMONIC| DESCRIPTION 


MSR (1) 
MSR (2) 


Delta Data Set Ready 
Trailing Edge of Ring 
Indicator 

Delta Clear To Send 
Delta Data Carrier Detect 
Clear To Send 

Data Set Ready 

Ring Indicator 

Data Carrier Detect 


MSR (0) 
MSR (3) 
MSR (4) 
MSR (5) 
MSR (6) 
MSR (7) 


MSR(0) Delta Clear to Send (DCTS): DCTS indicates that 
the CTS input (Pin-36) to the 82C50A has changed state 
since the last time it was read by the CPU. 


MSR(1) Delta Data Set Ready (DDSR): DDSR indicates 
that the DSR input (Pin-37) to the 82C50A has changed 
state since the last time it was read by the CPU. 


MSR (2) Trailing Edge of Ring Indicator (TERI): TERI indi- 
cates that the RI input (Pin-39) to the 82C50A has 
changed state from Low to High since the last time it was 
read by the CPU. High to Low transitions on RI do not 
activate TERI. 


MSR(3) Delta Data Carrier Detect (DDCD): DDCD indi- 
cates that the DCD input (Pin-38) to the 82C50A has 
changed state since the last time it was read by the CPU. 


MSR(4) Clear to Send (CTS): Clear to Send (CTS) is the 


status of the CTS input (Pin-36) from the modem indicat- 


ing to the 82C50A that the modem.is ready to receive data 
If the 
82C50A is in the loop mode (MCR(4)=1), MSR(4) is 
equivalent to RTS in the MCR. 


MSR(5) Data Set Ready (DSR): Data Set Ready (DSR) isa 
status of the DSR input (Pin-37) from the modem to the 
82C50A which indicates that the modem is ready to pro- 
vide received data to the 82CS50A receiver circuitry. If the 
82C50A is in the loop mode (MCR(4)=1), ili is 
sla ec to DTR in the MCR. 
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MSR (6) Ring Indicator MSR(6): Indicates the status of the 
Ri input (Pin-39). If the 82C50A is in the loop mode 
(MCR(4)=1), MSR(6) is equivalent to OUT1 in the MCR. 


MSR(7) Data Carrier Detect (MSR{7)): Data Carrier 
Detect indicates the status of the Data Carrier Detect 
(DCD) input (Pin-38). If the 82C50A is in the loop mode 
(MCR(4)=1), MSR(4) is equivalent to OUT2 of the MCR. 


The modem status inputs (Ri, OCD, OSR and CTS) reflect 
the modem input lines with any change of status. Reading 
the MSR register will clear the delta modem status indica- 
tions but has no effect on the status bits. The status bits 
reflect the state of the input pins regardless of the mask 
control signals. Ifa DCTS, DDSR, TERI, or DDCD are true 
and a state change occurs during a read operation 
(DISTR, DISTR), the state change is not indicated in the 
MSR. If DCTS, DOSR, TER!, or DDCD are false and a state 
change occurs during a read operation, the state change 
is indicated after the read operation. 


For LSR and MSR, the setting of status bits is inhibited 
during status register read (DISTR DISTR) operations. If 
a status condition is generated during a read (DISTR, 
DISTR) operation, the status bit is not set until the trailing 
edge of the read (DISTR, DISTR). 


if a status bit is set during a read (DISTR, DISTR) opera- 
tion, and the same status condition occurs, that status bit 
will be cleared at the trailing edge of the read (DISTR, 
DISTR) instead of being set again. 


Baud Rate Select Register (BRSR) 


The 82C50A contains a programmable Baud Rate Gener- 
ator (BRG) that divides the clock (DC to 10 MHz) by any 
divisor from 1 to 216-1 (see also BRG description). The 
output frequency of the Baud Generator is 16X the data 
rate [divisor # = frequency input + (baud rate x 16)]. Two 
8-bit divisor latch registers store the divisor in a 16 bit 
binary format. These Divisor Latch registers must be 
loaded during initialization. Upon loading either of the 
Divisor Latches, a 16-bit Baud counter is immediately 
loaded. This prevents long counts on initial load. 


Sample Divisor Number Calculation: 


Desired Baud Rate 1200 Baud 
Frequency Input 1.8432 MHz 


Given: 


Formula: Divisor # = Frequency Input + (Baud Rate x 16) 
Divisor # = 1843200 + (1200 x 16) 


Answer: Divisor # = 96 = 60HEx % DOLL = 01100000 

DLM = 00000000 
Check: The Divisor # 96 will divide the input frequency 
1.8432 MHz down to 19200 which is 16 times the 
desired baud rate. 


Divisor Latch Least Significant BYTE 


DLL (0) Bit 0 
DLL (1) Bit 1 
DLL (2) Bit 2 
DLL (3) Bit 3 
DLL (4) Bit 4 
DLL (5) Bit 5 
DLL (6) Bit 6 
DLL (7) Bit 7 


Divisor Latch Most Significant BYTE 


DLM (0) Bit 8 
DLM (1) Bit 9 
DLM (2) Bit 10 
DLM (3) Bit 11 
DLM (4) Bit 12 
DLM (5) Bit 13 
DLM (6) Bit 14 
DLM (7) Bit 15 


Receiver Buffer Register (RBR) 


The receiver circuitry in the 82C50A is programmable for 
5,6, 7 or 8 data bits per character. For words of less than8 
bits, the data is right justified to the least significant bit 
(LSB = Data Bit 0 (RBR (0)). Data Bit 0 of adata word (RBR 
(0)) is the first data bit received. The unused bits in a char- 
acter less than 8 bits are output low to the parallel output 
by the 82C50A. 


Received data at the SIN input pin is shifted into the 
Receiver Shift Register by the 16X clock provided at the 
RCLK input. This clock is synchronized to the incoming 
data based on the position of the start bit. When a 
complete character is shifted into the Receiver Shift 
Register, the assembled data bits are parallel loaded into 
the Receiver Buffer Register. The DR flag in the LSR 
register is set. 


Double buffering of the received data permits continuous 
reception of data without losing received data. While the 
Receiver Shift Register is shifting a new character into the 
82C50A, the Receiver Buffer Register is holding a previ- 
ously received character for the CPU to read. Failure to 
read the data in the RBR before complete reception of the 
next character result in the loss of the data in the Receiver 
Register. The OE flag in the LSR register indicates the 
overrun condition. 


RBR Bits 0 thru 7 


RBR (0) Data Bit 0 
RBR (1) Data Bit 1 
RBR (2) Data Bit 2 
RBR (3) Data Bit 3 
RBR (4) Data Bit 4 
RBR (5) Data Bit 5 
RBR (6) Data Bit 6 
RBR (7) Data Bit 7 
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_ Transmitter Holding Register (THR) 


The Transmitter Holding Register (THR) holds parallel 
data from the data bus (D0-D7) until the Transmitter Shift 
Register is empty and ready to accept a new character for 
transmission. The transmitter and receiver word length 
and number of stop bits are the same. If the character is 
less than eight bits, unused bits at the microprocessor 
data bus are ignored by the transmitter. 


Data Bit 0 (THR (0)) is the first serial data bit transmitted. 
The THRE flag (LSR (5)) reflect the status of the THR. The 
TEMT flag (LSR (6)) indicates if both the THR and TSR are 
empty. 


THR Bits 0 thru 7 


THR (0) Data Bit 0 
THR (1) Data Bit 1 
THR (2) Data Bit 2 
THR (3) Data Bit 3 
THR (4) Data Bit 4 
THR (5) Data Bit 5 
THR (6) Data Bit 6 
THR (7) Data Bit 7 


Scratchpad Register (SCR) 
This 8-bit Read/Write register has no effect on the 


82CS50A. It is intended as a scratchpad register to be used 
by the programmer to hold data temporarily. 


SCR Bits 0 thru 7 


SCR (0) Data Bit 0 
SCR (1) Data Bit 1 
SCR (2) - Data Bit 2 
SCR (3) Data Bit 3 
SCR (4) Data Bit 4 
SCR (5) Data Bit 5 
SCR (6) Data Bit 6 
SCR (7). Data Bit 7 


Interrupt Structure 
Interrupt Identification Register (IIR) 


The 82C50A has interrupt capability for interfacing to 
current microprocessors. In order to minimize software 
overhead during data character transfers, the 82C50A 
prioritizes interrupts into four levels. The four levels of 
interrupt conditions are as follows: 


1. Receiver Line Status (priority 1) 

2. Received Data Ready (priority 2) | 

3. Transmitter Holding Register Empty (priority 3) 
4. Modem Status (priority 4). 


Information indicating that a prioritized interrupt is 
pending and the type of interrupt is stored in the Interrupt 
Identification Register (IIR). When addressed during chip 
select time, the IIR indicates.the highest priority interrupt 
pending. No other interrupts are acknowledged until the 
interrupt is serviced by the CPU. The contents of the IIR 
are indicated in Table 2 and are described below. 


11R(0): 1JR(O) can be used in either a hardwired prioritized 
or polled environment to indicate whether an interrupt is 
pending. When IIR(0) is low, an interrupt is pending, and 
the IIR contents may be used as a pointer to the 
appropriate interrupt service routine. When IIR(0) is high, 
no interrupt is pending. 


1WR(1) and IIR(2): IIR(1) and IIR(2) are used to identify the 
highest priority interrupt pending as indicated in Table 2. 


IIR(3) - IIR(7): These five bits of the IIR are logic 0. 
Interrupt Enable Register (IER) 

The Interrupt Enable Register (IER) is a Write register 
used to independently enable the four 82C50A interrupts. 


which activate the interrupt (INTRPT) output. All 
interrupts are disabled by resetting IER(0) - IER(3) of 


TABLE 2. INTERRUPT IDENTIFICATION REGISTER 


_ INTERRUPT IDENTIFICATION | 


X = Not Defined, May Be 0 or 1 


“: INTERRUPT SET AND RESET FUNCTIONS 
PRIORITY INTERRUPT INTERRUPT INTERRUPT 
BIT 2 BIT 1 BIT 0 LEVEL FLAG SOURCE RESET CONTROL 
X X 1 


Receiver 
Line Status 


Received 
Data 
Available 


OE, PE, 
FE, or Bl 


LSR Read 
RBR Read 


IIR Read if THRE is the 
interrupt source or 
THR Write: 


MSR Read 


Receiver 
Data 
Available 
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the Interrupt Enable Register. Interrupts are enabled by 
setting the appropriate bits of the IER high. Disabling the 
interrupt system inhibits the Interrupt Identification 
Register and the active (high) INTRPT output. All other 
system functions operate in their normal manner, 
including the setting of the Line Status and Modem Status 
Registers. The contents of the Interrupt Enable Register 
are indicated in Table 3 and are described below. 


IER(O): When programmed high (JER(0)=Logic 1), 1ER(0) 
enables Received Data Available interrupt. 

IER(1): When programmed high (IER(1)=Logic 1), IER(1) 
enables the Transmitter Holding Register Empty 
interrupt. 

[ER(2): When programmed high (IER(2)=Logic 1), 1ER(2) 
enables the Receiver Line Status interrupt. 

IER(3): When programmed high (IER(3)=Logic 1), IER (3) 
enables the Modem Status interrupt. 


IER(4) - JER(7): These four bits of the IER are logic 0. 


DR (LSR BIT 0) 
ERBFI (IER BIT 0) 


THRE (LSR BIT 5) 
ETBEI (IER BIT 1) 


OE (LSR BIT 1) 

PE (LSR BIT 2) 

FE (LSR BIT 3) 

BI {LSR BIT 4) 
ELSI (IER BIT 2) 
OCTS (MSR BIT 0) 
DOSR (MSR BIT 1) 
TERI (MSR BIT 2) 
BOCO (MSR BIT 3) 
EDSSI (IER BIT 3) 


eS INTRPT 
PIN 30 


FIGURE 1. 82C50A INTERRUPT CONTROL STRUCTURE 


TABLE 3. 82C50A ACCESSIBLE REGISTER SUMMARY 
(NOTE: See Table 1 for how to access these registers). 


REGISTER BIT NUMBER 


MNEMONIC BIT 7 BIT 6 BIT 5  BIT4 BIT 3 BIT 2 BIT 1 BIT O 
A RR eee Seats aa hh Ae ST NORE I PRD SE Sey OO ERO EI BSS ED SEI Ee oN 


RBR Data Data Data Data Data 
(Read Only) i Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 


REGISTER 


Data 
Bit 7 


THR 
(Write Only) 
DLL 


(Read Only) 


(DLAB) 
Divisor 


Break 
Interrupt 


Holding 
Register 
Empty 


Data Data Data Data Data 
Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 


ee | SB Sa) BO Se emi eee de eT 


Data Data 
Bit 1 Bit 0 
ee 


(ERBFI) 
Enable 
Received 
Data 
Available 
Interrupt 


Bit 2 


(EDSSI) 
Enable Enable 
Modem Receiver 
Status Line 
Interrupt Status 
Interrupt 


(ELSI) (ETBE!) 
Enable 
Transmitter 
Holding 
Register 
Empty 
Interrupt 


“9” 1 F 
interrupt 
Pending 


(WLSBO) 
Word 
Length 
Select 
Bit O 


(DTR) 
Data 
Terminal 
Ready 


Interrupt interrupt 


(WLSB1) 
Word 


(PEN) 
Parity 
Enable 


(FE) 
Framing 
Error 


Overrun 
Error 


Carrier 
Detect 


Ring 
Indicator 


(DDCD) 
Delta 
Data 

Carrier 
Detect 


(TERI) 
Trailing 
Edge 
Ring 
Indicator 


* LSB, Data Bit 0 is the first bit transmitted or received. 
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Transmitter 


The serial transmitter section consists of a Transmitter 
Holding Register (THR), Transmitter Shift Register 
(TSR), and associated control logic. The Transmitter 
Holding Register Empty (THRE) and Transmitter Shift 
Register Empty (TEMT) are two bits in the Line Status 
Register which indicate the status of THR and TSR. To 
transmit a 5-8 bit word, the word is written through D0-D7 
to the THR. The microprocessor should perform a write 
operation only if THRE is high. The THRE is set high when 
the word is automatically transferred from the THR to the 
TSR during the transmission of the start bit. 


When the transmitter is idle, both THRE and TEMT are 
high. The first word written causes THRE to be reset to 0. 
After completion of the transfer, THRE returns high. 
TEMT remains low for at least the duration of the 
transmission of the data word. If a second character is 
transmitted to the THR, the THRE is reset low. Since the 
data word cannot be transferred from the THR to the TSR 
until the TSR is empty, THRE remains low until the TSR 
has completed transmission of the word. When the last 
word has been transmitted out of the TSR, TEMT is set 
high. THRE is set high one THR to TSR transfer time later. 


Receiver 
Serial asynchronous data is input into the SIN pin. The 


idle state of the line providing the input into SIN is high. A 
start bit detect circuit continually searches for a high to 


low transition from the idle state. When the transition is | 


detected, a counter is reset, and counts the 16X clock to 7 
1/2, which is the center of the start bit. The start bit is valid 
if the SIN is still low at the mid bit sample of the start bit. 
Verifying the start bit prevents the receiver from assem- 
bling an incorrect data character due to a low going noise 
spike on the SIN input. 


The Line Control Register determines the number of data 
bits in a character (LCR(0), LCR(1)), number of stop bits 
LCR(2), if parity is used LCR(3), and the polarity of parity 
LCR(4). Status information for the receiver is provided in 
the Line Status Register. When a character is transferred 
from the Receiver Shift Register to the Receiver Buffer 
Register, the Data Received indication in LSR(0) is set 
high. The CPU reads the Reciver Buffer Register through 
DO-D7. This read resets LSR(0). If DO-D7 are not read 
prior to a new character transfer from the RSR to the RBR, 
the overrun error status indication is set in LSR(1). The 
parity check tests for even or odd parity on the parity bit, 
which precedes the first stop bit. If there is a parity error, 
the parity error is set in LSR(2). There is circuitry which 
tests whether the stop bit is high. Ifitis not, a framing error 
indication is generated in LSR(3). 


The center of the start bit is defined as clock count7 1/2. If _ 


the data into SIN is asymmetrical square wave, the center 


of the data cells will occur within + 3.125% of the actual 


center, providing an error margin of 46.875%. The start bit 
can begin as much as one 16X clock cycle prior to being 
detected. 


Baud Rate Generator (BRG) | 


The BRG generates the clocking for the UART function, 
providing standard ANSI/CCITT bit rates. The oscillator. 
driving the BRG may be provided either with the addition 
of an external crystal to the XTAL1 and XTAL2 inputs, or 
an external clock into XTAL1. In either case, a buffered 
clock output, BAUDOUT, is provided for other system 
clocking. If two 82C50As are used on the same board, one 
can use a crystal, and the buffered clock output can be 
routed directly into the XTAL1 of the second 82CS50A. 


The data rate is determined by the Divisor Latch registers 
DLL and DLM and the external frequency or crystal input, 
with the BAUDOUT providing an output 16X the data rate. 
The bit rate is selected by programming the two divisor 
latches, Divisor Latch Most Significant Byte and Divisor 
Latch Least Significant Byte. Setting DLL=1 and DLM=0 
selects the divisor to divide by 1 (divide by 1 gives maxi- 
mum baud rate for a given input frequency at XTAL 1). 
The on-chip oscillator is optimized for a 10 MHz crystal. 
Usually, higher frequency are less expensive than lower 
frequency crystals. 


The BRG can use any of three different popular crystals to 
provide standard baud rates. The frequency of these three 
common crystals on the market are 1.8432 MHz, 2.4576 
MHz, and 3.072 MHz. With these standard crystals, stan- 
dard bit rates from 50 to 38.5 kbps are available. The 
following tables illustrate the divisors needed to obtain 
standard rates using these three crystal frequencies. 


TABLE 4. BAUD RATES USING 1.8432 MHz CRYSTAL 


DIVISOR USED PERCENT ERROR 
TO GENERATE | DIFFERENCE BETWEEN 
16 x CLOCK DESIRED & ACTUAL 


DESIRED 
BAUD RATE 
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TABLE 5. BAUD RATES USING 2.4576 MHz CRYSTAL 


DIVISOR USED PERCENT ERROR 
DESIRED 


BAUD RATE 


TO GENERATE | DIFFERENCE BETWEEN 
16 x CLOCK 


DESIRED & ACTUAL 


Reset 


After powerup, the 82C50A Master Reset schmitt trigger 
input (MR) should be held high for TMRW ns to reset the 
82C50A circuits to an idle mode until initialization. A high 
on MR causes the following: 


1. Initializes the transmitter and receiver internal clock 
counters. 


2. Clears the Line Status Register (LSR), except for 
Transmitter Shift Register Empty (TEMT) and 
Transmit Holding Register Empty (THRE), which 
are set. The Modem Control Register (MCR) is also 
cleared. All of the discrete lines, memory elements 


TABLE 6. BAUD RATES USING 3.072 MHz Crystal 


DIVISOR USED PERCENT ERROR 
DESIRED 


BAUD RATE 


TO GENERATE | DIFFERENCE BETWEEN 
DESIRED & ACTUAL 


16 x CLOCK 


and miscellaneous logic associated with these 
register bits are also cleared or turned off. Divisor 
Latches, Receiver Buffer Register, Transmitter 
Buffer Register are not effected. 


Following removal of the reset condition (MR low), the 
82C50A remains in the idle mode until programmed. 


A hardware reset of the 82C50A sets the THRE and TEMT 
status bit in the LSR. When interrupts are subsequently 
enabled, an interrupt occurs due to THRE. 


A summary of the effect of a Master Reset on the 82C50A 
is given in Table 7. 


TABLE 7. 82C50A RESET OPERATIONS 


REGISTER/SIGNAL RESET CONTROL 


Master Reset 
Master Reset 


Interrupt Enable Register 
Interrupt Identification 
Register 

Line Control Register 
MODEM Control Register 
Line Status Register 
MODEM Status Register 


Master Reset 
Master Reset 
Master Reset 
Master Reset 


SOUT 

Intrpt (RCVR Errs) 

Intrpt (RCVR Data Ready) 
Intrpt (THRE) 

Introt (Modem Status Changes) 


Master Reset 
Read LSR/MR 
Read RBR/MR 


Read MSR/MR 
Master Reset 
Master Reset 
Master Reset 
Master Reset 


All Bits Low (0-3 forced and 4-7 permanent) 
Bit 0 is High, Bits 1 and 2 Low 

Bits 3-7 are Permanently Low 

All Bits Low 

All Bits Low 

All Bits Low, Except Bits 5 and 6 are High 
Bit 0-3 Low 


Bits 4-7 Input Signal 
High 
Low 
Low 
Read IIR/Write THR/MR Low 


Low 
High 
High 
High 
High 
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Programming 


The 82C50A is programmed by the control registers LCR, 
IER, DLL and DLM, and MCR. These control words define 
the character length, number of stop bits, parity, baud 
rate, and modem interface. 


While the control registers can be written in any order, the 
IER should be written to last because it controls the in- 
terrupt enables. Once the 82C50A is programmed and 
operational, these registers can be updated any time the 
82C50A is not transmitting or receiving data. 


The control signals required to access 82C50A internal 
registers are shown below. 


Software Reset 


A software reset of the 82C50A is a useful method for 
returning to a completely known state without a system 
reset. Such a reset consists of writing to the LCR, Divisor 
Latches, and MCR registers. The LSR and RBR registers 
should be read prior to enabling interrupts in order to 


clear out any residual data or status bits which may be in- 
valid for subsequent operation. 


Crystal Operation 


The 82C50A crystal oscillator circuitry is designed to 
operate with a fundamental mode, parallel resonant crys- 
tal. Table 8 shows the required crystal parameters and 
crystal circuit configuration, respectively. 


When using an external clock source, the XTAL1 input is 
driven and the XTAL2 output is left open. Power con- 
sumption when using an external clock is typically 50% of 
that required when using a crystal. This is due to the sinu- 
soidal nature of the drive circuitry when using a crystal. 


The maximum frequency of the the 82C50A is 10 MHz with 
an external clock or a crystal attached to XTAL1 and 
XTAL2. Using the external clock orcrystal, and a divide by 
one divisor, the maximum BAUDOUT is 10 MHz, and the 
maximum data rate is 625 Kbps. 


TABLE 8. TYPICAL CRYSTAL OSCILLATOR CIRCUIT 


_ PARAMETER | 
SRL AERTS SE PA ISN BERET ONS DAC 8 SATII 1 NN RET 


Frequency 


Type of Operation 


Load Capacitance(CL) 


Rseries (Max) 


1.0 to 10 MHz 

Parallel resonant, Fundamental mode 
20 or 32 pF (typ) 

100 ohms (f=10 MHz, CL=32 pF) 


200 ohms (f=19 MHz, CL=20 pF) 


XTALI 


XTAL2 | PIN 17 


T0 
BAUD RATE 
GENERATOR 
LOGIC 
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Specifications 82C50A 


Absolute Maximum Ratings 


SUPDIY VONAGO ssa eos vatcs wee Rowe aneaee ae +8.0V: 
Input, Output or I/O Voltage Applied ........ GND -0.5V to 

VCC +0.5V 
Storage Temperture Range............. -65°C to +150°C 
Maximum Package Power Dissipation............... 1W 


OC ies aatoneeatsabes aac 10.5°C/W (Cerdip Package) 
Olaios 2 een test area oan cots 26.7°C/W (Cerdip Package) 
Gate Count + épvuictecddaesmae ac ateees behee 1788 Gates 
Junction Temperature... 6... eee eee +175°C 
Lead Temperature (Soldering, 10s) ............. +300°C 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opera- 
tlon of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Operating Conditions 
Operating Voltage Range ............... +4.5V to +5.5V 


Operating Temperature Range : 
tik thee eity whee Geni aaw eke 0°C to +70°V 


C82C50A-5 
IB2C50AR 8 isi oS oo ho aoa $ ho wadoon abs -40°V to +85°C 
MSB2C50AR5 6 eh ca coke oe ee lees -55°C to +125°C 


DC Electrical Specifications VCC = 5.0V + 10%; T, = 0°C to +70°C (C82C50A-5); 
= -40°C to +85°C (182C50A-5); 
T, = -55°C to +125°C (M82C50A-5) 


SYMBOL 


‘Logical One Input Voltage 


Logical Zero Input Voltage 


Schmitt Trigger mane One Input 
Voltage 


Schmitt Trigger Logic Zero input 
Voltage 

VIH(CLK) Logical One Clock Voltage VCC-0.8 
VIL(CLK) | Logical Zero Clock Voltage ae 


Output High Voltage 
VCC- 0.4 


Sutout Low Voltage aes 


Input Leakage Current 


Go 
Oo 


Operating Power Supply Current 


ICCSB Standby Supply Current 


Capacitance Ta = 25°C. 


Input Capacitance 


[/O Capacitance 
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2.2 
fy 


Input/Output Leakage Current 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
CIN 


ee pp 
ak el SO 


UNITS TEST CONDITIONS 
I8B2C50A-5, C82C50A-5 ; 
M82C50A-5 


MR Input 


I82C50A-5, C82C50A-5 
M82C50A-5 _ 


External Clock 
External Clock 


IOH = -2.5mA 
IOH = -100uA 


OL = +2.5mA, 


VIN = GND or VCC, DIP Pins 
9, 10, 12, 13, 14, 18, 19, 21, 
22, 25-28, 35-39 


VO = GND or VCC, DIP Pins 1-8 


External Clock 
F = 2.4576MHz, VCC = 5.5V, 
VIN = VCC or GND, Outputs 
Open 


VCC = 5.5V, VIN = VCC or 
GND, Outputs Open 


+10.0 


a 
§ 


ik 1 Sa TRNAE! 
V 
= 


FREQ = 1MHz, all measure- 
ments are referenced to 
device GND 


(9) 
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Specifications 82C50A 


AC Specifications VCC = 5.0V+ 10% 
Ta = 0°C to +70°C (C82C50A-5) 
Ta = -40°C to +85°C (I82C50A-5) 
Ta = -55°C to +125°C (M82C50A-5) 


Timing Requirements 


82C50A-5 


PARAMETER UNITS TEST CONDITIONS 


SYMBOL 


(1) Taw Address Strobe Width 
( 


Note 1 


(2) TAS Address Setup Time 
(3) TAH Address Hold Time 


(4) Tes Chip Select Setup Time 
Chip Select Hold Time 
(8) Ro 


3 


Note 1 


~ 
a 


& 
+ 
= 
= 


Tow DISTR DISTR Strobe Width 150 
Read Cycle Delay 270 
fo Fo | Read Cycle = TAR +TDIW +TRC 
(Too | DISTR DISTR to Driver Disable Delay 
TDoD Delay From DISTR DISTR to Data 
an THz DISTR DISTR to Floating Data Delay 
0)Toow | DOSTR DOSTR Strobe Width 150 
Write Cycle Delay 270 


Write Cycle = TAW+TDOW+TWC 
15) Tos Data Setup Time 


(16) TDH Data Hold Time 


NOTE 1: “When using the 82C50A in the multiplexed mode (ADS operational), it will operate in 80C86/88 systems with a 
maximum 3 MHz operating frequency.” 


Note 1 


120 


S 
+ 
Oo 
O 
Oo 
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<r 
N 

a 

oO 

bat | 

on 
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4 
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= 
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Specifications 82C50A 


AC Specifications VCC = 5.0V + 10% 

Ta = O°C to +70°C (C82C50A-5) 

Ta = -40°C to +85°C (182C50A-5) 
Timing Ta = -55°C to +125°C (M82C50A-5) 


82C50A-5 
PARAMETER | MIN | UNITS TEST CONDITIONS 


DEMULTIPLEXED OPERATION. 


SYMBOL 


125 


© 
4 
D 
QO 
n 
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TCSR DISTR DISTR Delay from Chip Select 


oer 
Address Hold Time from DOSTR DOSTR 
Twcs | Chip Select Hold Time from DOSTR DOSTA 


) 
(21) 
) 


pI 
eo] 
4 

= 

> 


(24) Taw DOSTR DOSTR Delay from Address 

(25) TCSw {| DOSTR DOSTR Delay from Select 

(27) TXH Duration of Clock High Pulse 
Duration of Clock Low Pulse 


BAUD GENERATOR 


[Baus OuputPostveeageomy 


nD cx) 
= 2 
x} x] = 
age 
= 
= 
bY) 
g 
f42) 
ns 
D 
oO 
a 
@ 
- 
Uv 
= 
on 
14) 
= 
a 
Zz 


216.4 


=) 
an 


no 


=] 
i) 


250 
250 
- Tx~ = 50ns 


(32) TLW Baud Output Down Time 
Baud Output Up Time TxH = 50ns 
RECEIVER 


(34) Tgcp {| Delay from RCLK to Sample Time eed 250 
(35) TSINT | Delay from Stop to Set Interrupt 1 


(36) TRINT | Delay from DISTR DISTR (RD RBR) to 
Reset Interrupt 


ABE 
= = 
z/s{f2 

Oo 


BAUDOUT 
Cycles 


v”) 
5 
C- a 
EE 
ac 
o> 
o5 
se 
oS 
Oo 
OQ 


ui | We 
UIE 


TRANSMITTER 


(37) Tur Delay from DOSTR DOSTR to Reset Interrupt 250 
(38) TIRS Delay from Initial INTR Reset to 24 BAUDOUT 
Transmit Start Cycles 
i 32 BAUDOUT 


Cycles 


BAUDOUT 
Cycles 


(40) 'STI Delay from Stop to Interrupt (THRE) 


(41) TIR Delay from DISTR DISTR (RD IIR) to Reset 
Interrupt (THRE) 


MODEM CONTROL 
Delay from DOSTR DOSTR to Output Eee il 
(43) TSIM Delay to Set Interrupt from Modem Input Face, tl 


Delay to Reset Interrupt from DISTR DISTR 
(RD MSR) 
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(39)T S| Delay from Initial Write to Interrupt 
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82C50A 


A.C. Test Circuit 


To Le [w [ela 
SE NRE NT EE EAE 


in (INCLUDES STRAY AND TEST CONDITION DEFINITION TABLE 


OUTPUT FROM DEVICE TEST POINT 
UNDER TEST | 


JIG CAPACITANCE) 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
VIH +0.4V VOH 
1.5V 1.5V 
VIL -0.4V VOL 
A.C. Testing: All input signals must switch between VIL -0.4V and VIH +0.4V. Input rise 
and fall times are driven at 1nsec per volt. 
Timing Waveforms 
tXH 
| (27) | 
| 2.0V 2.0V 2.0V 
XTAL1 0.8V 0.8V 0.8V 
tXL 
(28) 
EXTERNAL CLOCK INPUT AC TEST POINTS 
(29) 


peeves 


(31) (BHD — }— 
(30) | BLO —= ue ——| b— tHwiss) 
BAUD OUT | 
+1) 
(31)1BHD K| pe peers 
(30){BLD —e-4 J-— fo—— tL W(32) 
(-=2} (33) 
(30) (31) iW (33) (32) 
{BLD —~ J "BHD 0 ——{ HW tLW 
BAUD OUT | 
(+3) 
(30) (31) (32) 
a tBLD——| | }~—tBHD |.—(32)___.| tLw = 2XTALI CYCLES 
(=N,N > 3) | | [ 
(33) | tHW = (N - 2} XTALI CYCLES 
BAUDOUT TIMING 


NOTE: tBLD (+1) is the only spec measure from XTL1 failing edge. All other 
tBLD's and tBHD’s are measured from XTAL1 rising edge. 
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Timing Waveforms 


(1) 


aw — 
ADS Nese / L——/ 
{) tas. foe tH (3) 
ha, AL. a x 
| fics poy 1cH(s) || twas (22) 
SS 
| | reser (17) [-tWCS*+| (23) 


CSOUT 


|~—— tCSW* (25) | (14) 
a a 
(24) rnow—>|-——1we——+| 
DOSTR/DOSTR on ACTIVE 


DISTR/DISTR | ACTIVE 


(15) }+10S~}--tH>|(16) 


DATA 
D0-07 


* Applicable only when ADS is tied low. 
WRITE CYCLE 


Aw —| 
ADS YK Sf 
b+—1AS—>fool taH(3) 
ha. MM x 
| to 108 -» fo 1011(5) | tna*(18) 


iy es. 089 TX wn Xa 
csc" (17) ACS*=4(19) 
kK ce fines =|(19) 


~” 
5 
q = 
Ee 
aa 
ag 
o5 
ss 
oS 
© 
© 


CSOUT 1 | 
ee ee 
| }— tCSR* (21) @ 
tAR® R 
(20) — td eae c—__| . 
DISTR/DISTA a ACTIVE 
DOSTR/DOSTR | | ACTIVE 
>| 1009) > 
ons \ / 
tooo W112) Lae tz (11) 
DATA 
09-07 
VALIO DATA 


* Applicable only when ADS is tied low. 


READ CYCLE 
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Timing Waveforms 


RCLK a a a 


8 6LKS > le — 80 (34) 
SAMPLE CLK 


oe PARITY 
Pap START DATA BITS (5-8) STOP 


DATA) 


SAMPLE | 
CLK 
INTERRUPT —- pall 


(DATA READY OR 
RCVR ERR) 


(36) ba tRINT 
DISTR/DISTR @ 
(READ REC ACTIVE 


DATA BUFFER 
OA ROLSA) 


RECEIVER TIMING 


START PARITY START 


SERIAL OUT DATA (5-8 : 
ro a 5-8) X Ysror (1-2) 


tiRS be 1871140) 
INTERRUPT 37) \ / \ + / \ 
(THRE) ‘wm 


‘HR = | 
BOSTR/OOSTR © ls at ~ | 
(WR THA) Re AT 


ace =| tA|=(41) 
DISTR/DISTR @ 


(RO 11R) / \ 


TRANSMITTER TIMING 


(42)—| aie (42) “a {m0 — 
_ATS, OTR a: a a ae 
OUTI. OUT 


PO 


Rl ACTIVE | 


(44) | 
{RIM 


INTERRUPT 


sas (43)tSIM 
DISTR/DISTR @ 
(RO MSR} 


NOTE 1: See Write Cycle Timing 
NOTE 2: See Read Cycle Timing 


MODEM CONTROLS TIMING 
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it HARRIS 82C52 


REFERENCE APP NOTE 108 


January 1992 CMOS Serial Controller Interface 
Features Pinouts 
¢ Single Chip UART/BRG 28 LEAD DIP 
; TOP VIEW 
e DC to 16MHz (1M Baud) Operation es 
|28] CSO 
e Crystal or External Clock Input — 
¢ On-Chip Baud Rate Generator - 72 Selectable Baud Rates 26] DR 
e Interrupt Mode With Mask Capability 25] SOI 
¢ Microprocessor Bus Oriented Interface 24] INTR 
¢ 80C86 Compatible '23] RST 
e Single +5V Power Supply 22] TBRE 
¢ Low Power Operation ............ ccc cc nce w ec nace 1mA/MHz Typical 21] CO 
RTS 
e Modem Interface Es panes: 
119] DTR 
e Line Break Generation and Detection pa 
118] DSR 
* Operating Temperature Range: crs 
PCB 2C 52 tetera ciorenaneeeateware de eeeastienesess 09°C to +709C 6] GND 
PHS2CS 2 oe eal eared aaa se ucts a eeees -40°C to +85°C 
> M82C52 ..... eee ccecccecccecceccecucteeceseees ~559C to +125°C [15] S00 
Description 
The Harris 82C52 is a high performance programmable Universal Asynchro- 28 LEAD PLCC AND LCC ” 
nous Receiver/Transmitter (UART) and Baud Rate Generator (BRG) on a 5 
single chip. Utilizing the Harris advanced Scaled SAJI IV CMOS process, the < = 
82C52 will support data rates up to 1M baud asynchronously with a 16X a < 
clock (16MHz clock frequency). x _ - 2 
51 
The on-chip Baud Rate Generator can be programmed for any one of 72 = 2 poe 
different baud rates using a single industry standard crystal or external Si NEES Oo = 
frequency source. A unique pre-scale divide circuit has been designed to a RST ro} 
provide standard RS-232-C baud rates when using any one of three industry 8! TBRE oO 
standard crystals (1.8432 MHz, 2.4576 MHz, or 3.072 MHz). 91 fete) 
A programmable buffered clock output (CO) is available and can be 10 RTS 
programmed to provide either a buffered oscillator or 16X baud rate clock for _ 51 OTR 
4 


general purpose system usage. 


Ordering Information 


"50G to +1250 


-§59C to +1259C poi 
SMD# 185015013A sd 5013A 


Copyright © Harris Corporation 1991 


Ceramic DIP 


File Number 2950 
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Block Diagram — 


BUS | vo = TBRE 
BUFFER | Saw 28 
REGISTERS R 
: 
—— 2 READMWRITE 
me 11-1 ~CONTROL 
12 TRANSMITTER TRANSMITTER ve 
BUFFER REGISTER . SDO 
REGISTER P—»S§ 
= 
RECEIVER _ RECEIVER 
< _______] BUFFER REGISTER SDI 
REGISTER P~—sS | 
DSR 
CONTROL & fo«———————__——- CTS 
DTA 
RTS 
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Pin Description 82C52 


ACTIVE 
SYMBOL TYPE } LEVEL DESCRIPTION 


READ: The RD input causes the 82C52 to output data to the data bus (DO-£ D7). The data output 
depends upon the state of the address inputs (AO-A1). CSO enables the RD input. 


WRITE: The WR input causes data from the data bus (DO-D7) to be input to the 82C52. 
Addressing and chip select action is the same as for read operations. 


DATA BITS 0-7: The Data Bus provides eight, three-state input/output lines for the transfer of data, 
control and status information between the 82C52 and the CPU. For character formats of less 

than 8 bits, the corresponding D7, D6 and D5 are considered “don’t cares” for data WRITE operations 
and are O for data READ operations. These lines are normally in a high impedance state except 
during read operations. DO is the Least Significant Bit (LSB) and is the first serial data bit to be 
received or transmitted. 


AO, A1 11,12 High ADDRESS INPUTS: The address lines select the various internal registers during CPU bus 
operations. 

IX,OX ]|13,14 CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate Generator. IX can also be used 
as an external clock input in which case OX should be left open. 


=EE SERIAL DATA OUTPUT: Serial data output from the 82C52 transmitter circuitry. A Mark (1) isa 


logic one (high) and Space (0) is logic zero (low). SDO is held in the Mark condition when CTS is 
false, when RST is true, when the Transmitter Register is empty, or when in the Loop Mode. 


Ow GROUND: Power supply ground connection. ’ 


Low CLEAR TO SEND: The logical state of the CTS line is reflected in the CTS bit of the Modem Status 
Register. Any change of state in CTS causes INTR to be set true when INTEN and MIEN are true. 
A false level on CTS will inhibit transmission of data on the SDO output and will hold SDO in the 
Mark (high) state. If CTS goes false during transmission, the current character being transmitted 
will be completed. CTS does not affect Loop Mode operation. © ; 


Low DATA SET READY: The logical state of the DSR line is reflected in the Modem Status Register. Any 
change of state of DSR will cause INTR to be set if INTEN and MIEN are true. The state of this 
signal does not affect any other circuitry within the 82C52. 


Low DATA TERMINAL READY: The DTR signal can be set (low) by writing a logic 1 to the appropriate bit 
in the Modem Control Register (MCR). This signal is cleared (high) by writing a logic O in the DTR 
bit in the MCR or whenever a reset (RST = high) is applied to the 82C52. 


Low REQUEST TO SEND: The RTS signal can be set (low) by writing a logic 1 to the appropriate bit in 
the MCR. This signal is cleared (high) by writing a logic 0 to the RTS bit in the MCR or whenever 
a reset (RST = high) is applied to the 82C52. 


o} 
> 


“| 
4 
a 
—_k 
N 


0 
aa 
we 
wk 


Z| 
0) 
we) 


we) 
+ 
67] 


CLOCK OUT: This output is user programmable to provide either a buffered IX output or a buffered 
Baud Rate Generator (16X) clock output. The buffered IX (Crystal or external clock source) output 
is provided when the Baud Rate Select Register (BRSR) bit 7 is set to a zero. Writing a logic one 

to BRSR bit 7 causes the CO output to provide a buffered version of the internal Baud Rate 
Generator clock which operates at sixteen times the programmed baud rate. On reset D7 (CO select) 
is reset to 0. 


TRANSMITTER BUFFER REGISTER EMPTY: The TBRE output is set (high) whenever the 
Transmitter Buffer Register (TBR) has transferred its data to the Transmit Register. Application 
of a reset (RST) to the 82C52 will also set the TBRE output. TBRE is cleared (low) whenever data 
is written to the TBR. 


High RESET: The RST input forces the 82C52 into an “Idle” mode in which all serial data activities are 
suspended. The Modem Control Register (MCR) along with its associated outputs are cleared. The 
UART Status Register (USR) is cleared except for the TBRE and TC bits, which are set. The 


High 


Q 
Oo 
S 


No nN 


RST 


NO 
@ 


82C52 remains in an “idle” state until programmed to resume serial data activities. The RST 
input is a Schmitt triggered input. 


INTR 24 INTERRUPT REQUEST: The INTR output is enabled by the INTEN bit in the Modem Control Register 
(MCR). The MIEN bit selectively enables modem status changes to provide an input to the INTR logic. 


Figure 9 in Design Information shows the overall relationship of these interrupt control signals. 


SERIAL DATA INPUT: Serial data input to the 82C52 receiver circuits. A Mark (1) is high, anda 
Space (0) is low. Data inputs on SDI are disabled when operating in the loop mode or when RST is true. 


SDI 


DATA READY: A true level indicates that a character has been received, transferred to the RBR, and 
is ready for transfer to the CPU. DR is reset on a data READ of the Receiver Buffer Register (RBR) 
or when RST is true. 


vcc High VCC: +5V postive power supply pin. A 0.1uF decoupling capacitor from VCC (Pin 27) to GND 
(Pin 16) is recommended. 
CSO CHIP SELECT: The chip select input acts as an enable signal for the RD and WR input signals. 
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CMOS DATA 
COMMUNICATIONS 


82C52 


Reset 


During and after power-up, the 82C52 Reset Input (RST) 
must be held high for at least two IX clock cycles in order to 
initialize and drive the 82C52 circuits to an idle mode until 
proper programming can be done. A high on RST causes the 
following events to occur: 


e Resets the internal Baud Rate Generator (BRG) circuit 
clock counters and bit counters. The Baud Rate Select 
Register (BRSR) is not affected (except for bit 7 which is 
reset to 0). 


e Clears the UART Status Register (USR) except for Trans- 
mission Complete (TC) and Transmit Buffer Register Emp- 
ty (TBRE) which are set. The Modem Control 
Register (MCR) is also cleared. All of the discrete lines, 
memory elements and miscellaneous logic associated 
with these register bits are also cleared or turned off. Note 
that the UART Control Register (UCR) is not affected. 


Following removal of the reset condition (RST = low), the 
82C52 remains in the idle mode until programmed to its 
desired system configuration. 


Programming The 82C52 


The complete functional definition of the 82C52 is pro- 
grammed by the systems software. A set of control words 
(UCR, BRSR and MCR) must be sent out by the CPU to 
initialize the 82C52 to support the desired communication 
format. These control words will program the character 
length, number of stop bits, even/odd/no parity, baud rate, 
etc. Once programmed, the 82C52 is ready to perform its 
communication functions. 


The control registers can be written to in any order. Howev- 
er, the MCR should be written to last because it controls the 
interrupt enables, modem control outputs and the receiver 
enable bit. Once the 82C52 is programmed and operation- 
al, these registers can be updated any time the 82CS2 is not 
immediately transmitting or receiving data. 


Table A. shows the control signals required to access 
82C52 internal registers. 


UART Control Register (UCR) 


The UCR is a write only register which configures the UART 
transmitter and receiver circuits. Data bits D7 and D6 
are not used but should always be set to a logic zero (0) in 
order to insure software compatibility with future product 
upgrades. During the Echo Mode, the transmitter always 
repeats the received word and parity, even when the UCR is 
_ programmed with different or no parity. See Figure 1. 


TABLE A. 


fess[ a [ao [Wa [ | OPERATION 
1 Data Bus—>Transmitter Buffer 
Register (TBR) 
1 Receiver Buffer 
Register (RBR)—» Data Bus 
1 1 Data Bus—>UART Control 
Register (UCR) 
1 UART Status 
Register (USR)}>Data Bus 
1 Data Bus-»>Modem Control 
Register (MCR) 
ro [s [eo [3 [eo [mons bee au 


1 1 Data Bus Bit Rate Select 
Register (BRSR) 
ee Modem Status 


Register (MSR)—Data Bus 


UCR 
[07 |p6 [os ]4] 3] 02} 01] 00 | 
i test eed 


» STOP BIT 
SELECT 


O= 1 STOP BIT 

1= 1.5 STOP BITS (Tx) 
AND 1 STOP BIT 

(Rx) IF § DATA BITS 
SELECTED 1= 2 STOP 
BITS FOR 6, 70R 8 
DATA BITS SELECTED 


000 = Tx AND Rx EVEN 
001 = Tx AND Rx ODD 
010 = Tx EVEN, Rx ODD 
011 = Tx ODD, Rx EVEN 
100 = Tx EVEN, Rx CHECK 
DISABLED 

101 = Tx ODD, Rx CHECK 
DISABLED 

11X = GENERATION AND 
CHECK DISABLED 


>» PARITY 
CONTROL 


>» WORD 
LENGTH 
SELECT 


00 = SBITS 
01= 6BITS 
10= 7BITS 
11= 8BITS 


SET TO 00 FOR 
FUTURE PRODUCT 


UPGRADE 
COMPATIBILITY 


> RESERVED. 


FIGURE 1. 
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82C52 


Baud Rate Select Register (BRSR) 


The 82C52 is designed to operate with a single crystal or 
external clock driving the IX input pin. The Baud Rate Select 
Register is used to select the divide ratio (one of 72) for the 
internal Baud Rate Generator circuitry. The internal circuitry 
is separated into two separate counters, a Prescaler and a 
Divisor Select. The Prescaler can be set to any one of four 
division rates, +1, +3, +4, or +5. 


The Prescaler design has been optimized to provide 
standard baud rates using any one of three popular crystal 
frequencies. By using one of these common system clock 
frequencies, 1.8432MHz, 2.4576MHz or 3.072MHz and 
Prescaler divide ratios of +3, +4, or +5 respectively, the 
Prescaler output will provide a constant 614.4KHz. When 
this frequency is further divided by the Divisor Select 
counter, any of the standard baud rates from 50 Baud to 
38.4 Kbaud can be selected (see Table B). Non-standard 
baud rates up to 1Mbaud can be selected by using different 
input frequencies (crystal or an external frequency input up to 
16MHz) and/or different Prescaler and Divisor Select ratios. 


Regardless of the baud rate, the baud rate generator pro- 
vides a clock which is 16 times the desired baud rate. For 
example, in order to operate at a 1Mbaud data rate, a 
16MHz crystal, a Prescale rate of +1, and a Divisor Select 
rate of ‘external’ would be used. This would provide a 
16MHz clock as the output of the Baud Rate Generator to 
the Transmitter and Receiver circuits. 


The CO select bit in the BRSR selects whether a buffered 
version of the external frequency input (IX input) or the Baud 
Rate Generator output (16x baud rate clock) will be output 
on the CO output (pin 21). The Baud Rate Generator output 
will always be a 50% nominal duty cycle except when “ex- 
ternal” is selected and the Prescaler is set to +3 or +5. 


PRESCALER O00= +1 
SELECT 01= +3 
10= 4 
ite +5 
Ls pivisor 00000 = -:-2 
SELECT 00001 = --4 
00010 = ~~ 16/3 
00011= --8 
00100 = —- 22/3 
00101 = -- 16 
00110 = -> 58/3 
00111 = -:22 
01000 = -:- 32 
01001 = -: 64 


01010 = -> 128 

01011 = -> 192 

01100 = -+ 256 

01101 = -> 288 

01110 = -+ 352 

O11 = + 512 

10000 = ->- 768 

11111 = EXTERNAL ( + 1) 
> CO SELECT 0 = IX OUTPUT 

1 = BRG OUTPUT 

[ON RESET, D7 (CO - 
SELECT) IS RESET TO 0} 


FIGURE 2. 


TABLE B. 


BAUD RATE DIVISOR 


External 


NOTE: These baud rates are based upon the following input frequency/ 
Prescale divisor combinations. 
1.8432MHz and Prescale = +3 
2.4576MHz and Prescale = +4 
3.072MHZ and Prescale = +5 


*All baud rates are exact except for: 


BAUD RATE ACTUAL 


1745.45 
1986.2 
133.33 
109.09 


PERCENT 
ERROR ~ 


Modem Control Register 


The MCR is a general purpose control register which can be 
written to and read from. The RTS and DTR outputs are 
directly controlled by their associated bits in this register. 
Note that a Jogic one asserts a true logic level (low) at these 
output pins. The Interrupt Enable (INTEN) bit is the overall 
control for the INTR output pin. When INTEN is false, INTR 
is held false (low). 


The Operating Mode bits configure the 82C52 into one of 
four possible modes. “Normal” configures the 82C52 for 
normal full or half duplex communications. “Transmit 
Break” enables the transmitter to only transmit break char- 
acters (Start, Data and Stop bits all are logic zero). The Echo 
Mode causes any data that is received on the SDI input pin 
to be retransmitted on the SDO output pin. Note that this 
output is a buffered version of the data seen on the SDI 
input and is not a resynchronized output. Also note that 
normal UART transmission via the Transmitter Register is 
disabled when operating in the Echo mode (see Figure 4). 
The Loop Test Mode internally routes transmitted data 
to the receiver circuitry for the purpose of self test. The 
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82C52 


transmit data is disabled from the SDO output pin. The 
Receiver Enable bit gates off the input to the receiver 
circuitry when in the false state. 


Modem Interrupt Enable will permit any change in modem 
status line inputs (CTS, DSR) to cause an interrupt when 
this bit is enabled. Bit D7 must always be written to with a 
logic zero to insure correct 82C52 operation. 


MCR 


Be [pel} pe). 9e [o8| 2s] bi] oe) 


REQUEST TO O= RTS OUTPUT HIGH* 


SEND (RTS) 1 = RTS OUTPUT LOW 
nave SEROMA 0 = DTR OUTPUT HIGH 
READY (OTR) 1= DTR OUTPUT LOW 


INTERRUPT 
ENABLE (INTEN) 


1 = INTERRUPTS ENABLED 
0 = INTERRUPTS DISABLED 


MODE SELECT 00 = NORMAL 

01 = TRANSMIT BREAK 
10 = ECHO MODE 

11 = LOOP TEST MODE 


RECEIVER 
ENABLE (REN) 


Q= NOT ENABLED 
1= ENABLED 


MODEM INTERRUPT 
ENABLE (MIEN) 


0 = NOT ENABLED 
1= ENABLED 


MUST BE SET TO A LOGIC 0 FOR 
NORMAL 82C52 OPERATION 


*See Modem Status Register description for a description of register flag 
images with respect to output pins. 


FIGURE 3. 


SERIAL DATA 


FROM 
TRANSMITTER 
REGISTER 


ECHO MODE 


SERIAL DATA 
TO RECEIVER 
REGISTER 


FIGURE 4. LOOP AND ECHO MODE FUNCTIONALITY | 


UART Status Register (USR) 


The USR provides a single register that the controlling sys- 
tem can examine to determine if errors have occurred or if 
other status changes in the 82C52 require attention. For 
this reason, the USR is usually the first register read by the 
CPU to determine the cause of an interrupt or to poll the 
status of the 82C52. 


Three error flags OE, FE and PE report the status of any 
error conditions detected in the receiver circuitry. These 
error flags are updated with every character received during 
reception of the stop bits. The Overrun Error (OE) indicates 
that a character in the Receiver Register has been received 
and cannot be transferred to the Receiver Buffer Register 
(RBR) because the RBR was not. read by the CPU. Framing 
Error (FE) indicates that the last character received in the 


RBR contained improper stop bits. This could be caused ‘by 
the absence of the required stop bit(s) or by a stop bit(s) that 
was too short to be properly detected. Parity Error (PE) indi- 
cates that the last character received in the RBR contained 
a parity error based on the programmed parity of the receiv-. 
er and the calculated parity of the received character data 
and parity bits. 


The Received Break (RBRK) status bit indicates that the last 
character received was a break character. A break charac- 
ter would be considered to be an invalid data character in 
that the entire character including parity and stop bits area 
logic zero. . 


The Modem Status bit is set whenever a transition is de- . 
tected on any of the Modem input lines (CTS or DSR). A 
subsequent read of the Modem Status Register will show 
the state of these two signals. Assertion of this bit will cause 
an interrupt (INTR) to be generated if the MIEN and INTEN 
bits in the MCR register are enabled. ; 


The Transmission Complete (T C) bit indicates that both the 


- TBR and Transmitter Registers are empty and the 82C52 


has completed transmission of the last character it was com- 
manded to transmit. The assertion of this bit will cause an 
interrupt (INTR) if the INTEN bit in the MCR register is true. 


The Transmitter Buffer Register Empty (TBRE) bit indicates 
that the TBR register is empty and ready to receive another 
character. 


The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and that 
the CPU may access this data. 


Assertion of the TBRE or DR bits do not affect the INTR 
logic and associated INTR output pin since the 82C52 has 
been designed to provide separate requests via the DR and 
TBRE output pins. If a single interrupt for any status change 
in the 82C52 is desired this can be accomplished by using 
an 82C59A Interrupt controller with DR, TBRE, and INTR as 
inputs. (See Figure 11). 


USR 
[D7 [06 {D5]D4|D3/ D2} D1] Do! 
PARITY ERROR 0 = NO ERROR 
(PE) 1 = ERROR 
» FRAMING ERROR 0 = NO ERROR 

(FE) 1= ERROR 
OVERRUN ERROR 0 = NO ERROR 

(OE) 1 = ERROR 
RECEIVED BREAK 0 = NO BREAK 
(RBRK) 1 = BREAK 

MODEM STATUS 0 = NO STATUS CHANGE 
(MS) 1 = STATUS CHANGE 
TRANSMISSION © = NOT COMPLETE 
COMPLETE (TC) 1a COMPLETE 

_ TRANSMITTER 0 = NOT EMPTY 
BUFFER REGISTER s 

EMPTY (TBRE) ee cena 

DATA READY 0 = NOT READY 

(DR) 1 = READY 

FIGURE 5. 
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Modem Status Register (MSR) 


The MSR allows the CPU to read the modem signal inputs 
by accessing the data bus interface of the 82C52. Like all of 
the register images of external pins in the 82C52, true logic 
levels are represented by a high (1) signal level. By follow- 
ing this consistent definition, the system software need not 
be concerned with whether external signals are high or low 
true. In particular, the modem signal inputs are low true, 
thus a O (true assertion) at a modem input pin is represented 
by a 1 (true) in the MSR. 


Any change of state in any modem input signals will set 
the Modem Status (MS) bit in the USR register. When this 
happens, an interrupt (INTR) will be generated if the MIEN 
and INTEN bits of the MCR are enabled. 


The Data Set Ready (DSR) input is a status indicator from the 
modem to the 82C52 which indicates that the modem is 
ready to provide received data to the 82C52 receiver circuitry. 


Clear to Send (CTS) is both a status and control signal from 
the modem that tells the 82C52 that the modem is ready to 
receive transmit data from the 82C52 transmitter output 
(SDO). A high (false) level on this input will inhibit the 82C52 
from beginning transmission and if asserted in the middle of 
a transmission will only permit the 82C52 to finish transmis- 
sion of the current character. 


MSR 
CLEAR TO 0 = FALSE 
SEND (CTS) 1= TRUE 
DATA SET O= FALSE 
READY (DSR)  1= TRUE 


Oo 


¢) 


UNDEFINED 


FIGURE 6. 
Receiver Buffer Register (RBR) 


The receiver circuitry in the 82C52 is programmable for 5, 
6, 7 or 8 data bits per character. For words of less than 8 
bits, the data is right justified to the Least Significant Bit 
(LSB = DO). Bit DO of a data word is always the first data bit 
received. The unused bits in a less than 8 bit word, at the 
parallel interface, are set to a logic zero (0) by the 82C52. 


Received data at the SDI input pin is shifted into the Receiver 
Register by an internal 1x clock which has been synchro- 
nized to the incoming data based on the position of the start 
bit. When a complete character has been shifted into the 
Receiver Register, the assembled data bits are parallel 
loaded into the Receiver Buffer Register. Both the DR out- 


put pin and DR flag in the USR register are set. This double 
buffering of the received data permits continuous reception 
of data without losing any of the received data. 


While the Receiver Register is shifting a new character 
into the 82C52, the Receiver Buffer Register is holding a 
previously received character for the system CPU to read. 
Failure to read the data in the RBR before complete recep- 
tion of the next character can result in the loss of the data 
in the Receiver Register. The OE flag in the USR register 
indicates the overrun condition. 


RBR 
[07 [06 jos [p4/ D3] p2} 01] do] 


BIT O 
BIT 1 


BIT 2 5 BIT 
WORD 


BT 3 6 BIT 
WORD 


BIT 4 7 6IT 
WORD 


BIT 5 8 BIT 
word 


Bit 6 


BIT 7 


FIGURE 7. 


Transmitter Buffer Register (TBR) 


The Transmitter Buffer Register (TBR) accepts parallel data 
from the data bus (D0-D7) and holds it until the Transmitter 
Register is empty and ready to accept a new character for 
transmission. The transmitter always has the same word 
length and number of stop bits as the receiver. For words of 
less than 8 bits the unused bits at the microprocessor data 
bus are ignored by the transmitter. 


TBR 
}07 6 05 ]04] 03] b2] 01] do 


BIT o 
BIT 1 


BIT 2 § BIT 
WORD 


BIT 3 6 BIT 
word 


ar 4 7 BIT 
WORD 


BIT 6 6 BIT 
WORD 

BIT 6 

BIT 7 


FIGURE 8. 
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82C52 


Bit O, which corresponds to DO at the data bus, is always 


the first serial data bit transmitted. Provision is made for the © 


transmitter parity to be the same or different from the receiv- 


er. The TBRE output pin and flag (USR register) reflect the 


status of the TBR. The TC flag (USR register) indicates when 
both TBR and TR are empty. 


82C52 Interrupt Structure 


The 82C52 has provisions for software masking of inter- 
rupts generated for the INTR output pin. Two control bits in 
the MCR register, MIEN and INTEN, control modem status 
interrupts and overall 82C52 interrupts respectively. Figure 
9 illustrates the logical control function provided by these 
signals. 


The modem status inputs (DSR and CTS) will trigger the 
edge detection circuitry with any change of status. Reading 
the MSR register will clear the detect circuit but has no 
effect on the status bits themselves. These status bits 
always reflect the state of the input pins regardless of the 
mask control signals. Note that the state (high or low) of the 
status bits are inverted versions of the actual input pins. 


The edge detection circuits for the USR register signals will 
trigger only for a positive edge (true assertion) of these 
status bits. Reading the USR register not only clears the 
edge detect circuit but also clears (sets to 0) all of the status 
bits. The output pins associated with these status bits are 
not affected by reading the USR register. 


A hardware reset of the 82C52 sets the TC status bit in 
the USR. When interrupts are subsequently enabled an 
interrupt can occur due to the fact that the positive edge 
detection circuitry in the interrupt logic has detected the 
setting of the TC bit. If this interrupt is not desired the USR 
should be read prior to enabling interrupts. This action 
resets the positive edge detection circuitry in the interrupt 
control logic (Figure 9). 


NOTE: For USR and MSR, the setting of status bits is inhibited during status 
register READ operations. If a status condition is generated during a 
READ operation, the status bit is not set until the trailing edge of the 
RD pulse. : 


If the bit was already set at the time of the READ operation, and the 
same status condition occurs, that status bit will be cleared at the 
trailing edge of the RD pulse instead. of being set again. 


RBRK, TC 
O€, FE, PE 
(USR) 


> EDGE 
DETECT 


RD (USR) 


POS. OR NEG. 
5 EDGE 
DETECT 


DSR, CTS 
(MSR) 


RD (MSR) 


FIGURE 9. 82C52 INTERRUPT STRUCTURE 


Software Reset 


A software reset of the 82C52 is a useful method for return- 
ing to.a completely known state without exercising a 
complete system reset. Such a reset would consist of writing 
to the UCR, BRSR and MCR registers. The USR and RBR 
registers should be read prior to enabling interrupts in order 
to clear out any residual data or status bits which may be 


_ invalid for subsequent operation. 


Crystal Operation 


The 82C52 crystal oscillator circuitry is designed to operate 
with a fundamental mode, parallel resonant crystal. This 
circuit is the same one used in the Harris 82C84A clock 
generator/driver.. To summarize, Table C and Figure 10 
show the required crystal parameters and crystal circuit . 
configuration respectively. 


When using an external clock source, the IX input is driven 
and the OX output is left open. Power consumption when 
using an external clock is typically 50% of that required 
when using ‘a crystal. This is due to the sinusoidal nature of 
the drive circuitry when using a crystal. 


TABLE C. 


. TYPICAL CRYSTAL 
PARAMETER SPECIFICATION 
Type of Operation Parallel Resonant, Fundamental 
Mode 


20 or 32pF (Typ) 


100 2. (f = 16MHz, CL = 32pF) 
200 2. (f = 16MHz, CL = 20pF) 


Cc1* 


82C52 
GND 


OX 


*C1= C2= 20pF FORCL= 20pF 
*C1= C2= 47pF FORCL= 32pF 


FIGURE 10. 
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82C52 - 80C86 Interfacing 


The following example (Figure 11) shows the interface for 
an 82C52 in an 80C86 system. 

Use of the Harris CMOS Interrupt Controller (82C59A) is 
optional and necessary only if an interrupt driven system is 
desired. 

By using the Harris CMOS 82C84A clock generator, the 
system can be built with a single crystal providing both the 
processor clock and the clock for the 82C52. The 82C52 


INTA {0 
5MHz 
X1 CLK 
15MHz o PCLK mesa 
X2 OSC 15MHz 
v 82C84A OR 
82C85 


| CHIP SELECT —+O CSO 
ADO, AD7 DO -D7 
ADDRESS BUS -—»*>| AO, A1 SDO 


82C88 
(MAX MODE) 


has special divider circuitry which is designed to supply 
industry standard baud rates with a 2.4576MHz input 
frequency. Using a 15MHz crystal as shown, results in less 
than a 2% frequency error which is adequate for many 
applications. For more precise baud rate requirements, a 
14.7456MHz crystal will drive the 80C86 at 4.9MHz and 
provide the 82C52 with the standard baud rate input 
frequency of 2.4576MHz. If baud rates above 156Kbaud are 
desired, the OSC output can be used instead of the PCLK 
(+6) output for asynchronous baud rates up to 1 Mbaud. 


SERIAL 


DATA 


IORD——*+O, RD gocsp ~SDI|+— 


iOWR —7—>O] WR 


INTR, DR, TBRE 


FIGURE 11. 80C86/82C52 INTERFACE 
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Specifications 82C52 


Absolute Maximum Ratings | Reliability Information 

Supply Voltage.............. eee Meee, deta ee Re tee +8.0V Thermal Resistance ................ Bia a 

Input, Output or I/O Voltage ............ GND-0.5V to VCC+0.5V Ceramic DIP Package............. 45°C/W 8.4°C/W 

Storage Temperature Range ...............06 -65°C to +150°C Ceramic LCC Package ............ 50.7°C/W ss 5.3°C/W 

Junction Temperature. 2... cc cc cece eee cee +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)................008- +300°C Ceramic DIP Package .......... ccc cece cece reece eee 1.1W 

ESD Classification ....... 0... ccc cece ee ee eens Class 1 Ceramic LCC Package ........... cece reece eee eee 986mW 
Gate COUN ic.2cch aves canes ba GR ate eae ean 1500 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................0006. +4.5V to+5.5V Operating Temperature Range 
CBC? hasan tiss ee aees ewte ene ae eees 0°C to +70°C 
BAC? ac basin ieee tre ha Vale eas. s we ees -40°C to +85°C 
MB2C 52 is ihiia.a anes Gaaib aw ee wba waned Oe -55°C to +125°C 


DC Electrical Specifications VCC =5.0V + 10%; T, = 0°C to +70°C (C82C52); 
Ta = -40°C to +85°C (182C52); 
Ta = 55°C to +125°C (M82C52) 


SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 


VIH Logical One Input Voltage | V I82C52, C82C52 
M82C52 


Reset Input 
GND +0.5 V 


VTH Schmitt Trigger Logical One Input V 
Voltage 
Reset Input 
VIH (CLK) | Logical One Clock Input Voltage vecos | - | 


VTL Schmitt Trigger Logical Zero Input 
Voltage 
External Clock 
VIL (CLK) Logical Zero Clock Input Voltage GND +0.5 


S 
re) 
© 
oO 


IOH = -100pA, For OX - 1OH = -1.0mA 


< 
5 
ro) 
S 
£-S 


IOH = -2.5mA, Except OX, 
VOL Output Low Voltage JOL = +2.5mA 


Input Leakage Current VIN = GND or VCC, DIP Pins 1, 2, 11 
12, 17, 18, 23, 25, 28 


Input/Output Leakage Current pA VOUT = GND or VCC, DIP Pins 3-10 


Operating Power Supply Current | mA External Clock F = 2.4576MHz, 
VCC = 5.5V, VIN = VCC or GND, 
Outputs Open 
ICCSB Standby Supply Current 100 pA VCC = 5.5V, VIN = VCC or GND, 
Outputs Open 


“ Guaranteed and sampled, but not 100% tested. ICCOP is typically < 1mA/MHz. 


oe 


ae External Clock 
VOH Output High Voltage 


ICCOP* 


Capacitance 1, = 25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
CIN Input Capacitance P12 fF FREQ = 1MHz, all measurements are 
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A.C. Electrical Specifications VCC = 5.0V + 10%; 
TA = 00°C to +70°C (C82C52) 
TA = -40°C to +859C (182C52) 
TA = -559C to +1250C (M82C52) 


Timing Requirements and Responses 


SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 
eng pe mn olism mpi mmm Uomo emp ep gg a ee ey 


(1) TSVCTL Select Setup to 
Control Leading 
Edge 


(2) TCTHSX Select Hold From 
Control Trailing 
Edge 

(3)TCTLCTH Controi Pulse | eee nae AT: Consists of RD 
Width or | eee nae AT: 

(4) TCTHCTL Control Disable 
to Control Enabie 

(5) TRLDV Read Low to 1, See AC Test Circuit 
Data Valid 


6) TRHDZ Read Disable 2, | 2, See AC Test Circuit | AC Test Circuit 
paaiesin ine eae SSSiGat Se SC 


jorwmon [omar Tne [a fe 
=e fm 
be =62.5 ns 
(12) 
4) 


TCH Gok ten Tine a a 

2 a 

TR/TF IX Input 
Rise/Fall Time XS ec or 50ns 
(External Clock) whichever is smaller 


(13) TFCO Clock Output CL = 50 pf 
Fall Time 

(14) TRCO Clock Output CL = 50 pf 
Rise Time 


” 

5 
q= 
I 
x 
ras} 
ae 
os 
== 
os 
© 
© 
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AC Testing Input, Output Waveforms 


_ PROPAGATION DELAY 


ENABLE/DISABLE DELAY 
INPUT 
VIH + 0.4V 


OUTPUT 
| | VOH | oe . 

90% 

1.5V 1.5V OUTPUT 
10% 

VIL -0.4V VOL | 
AC Testing: All input signals (except IX and RST) must switch between VIL - 0.4V and VIH + 0.4V. Input rise and fall times are driven at 1nsec per volt. 
Timing Waveform 


BUS OPERATION 


NEXT BUS CYCLE 
(2) 
TCTHSX 
WR 
WRITE 
OPERATION 
‘ ; len — 
TSVCTL TCTLCTH 
RD - 
READ / 
(5) . - (6) 
OPERATION ae mee 
DoD? <0; GE TULEED sie 
AC Test Circuit 
V1 
OUTPUT FROM 
DEVICE UNDER O- TEST [1 | Propagation Delay| 17v | 520 | co | 100pF_ 
” + on 2 [ oeasedeey 
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UART Timing Characterization 


All parameters listed in this table were laboratory bench characterized at room temperature on a small sample of parts. No guarantee is 
implied. The main intent here is to clarify functional operation of the 82C 52. 


82C52 UART TIMING Characterized with IX = External Clock 


coro 


(26) TRLDL RB Low to DR Low 
(27)TWHO WR High to RTS/DTR Active 


1. Prescaler rate of divide by 1, Divisor Select rate of “external” 
(divide by 1). The Baud Rate Clock (CO-BRG) operates at 16 
times the user programmed bit rate. For example, at 1200 baud: 
TCY = 1/(16 x 1200) = 52.11. 


2. A. With TR (Transmitter Register) initially empty, TDTX occurs 
from the 5th falling edge of CO(BRG) after WR goes high. 


B. With TR initially full, TDTX occurs from the trailing edge of 
the 16th CO(BRG) in the last Stop bit provided WR went 
high by the trailing edge of the 12th CO(BRG) in the last 
Stop bit. 

C. With CTS high (disable transmit) and TBR full, TDTX occurs 
from the 5th falling edge of CO(BRG) after CTS goes low. 

3. TBRE bit D6 in USR is updated each time TBRE changes state. 
4. A. With TR initially empty, TCLTH(TBRE) occurs from the 4th 
falling edge of CO(BRG) after WR goes high. 

B. With TR initially full, TCLTH(TBRE) occurs from the trailing 
edge of the 15th CO(BRG) in the last Stop bit provided WR 
went high by the trailing edge of the 12th CO(BRG) in the 
last Stop bit. 


C. With CTS high (disable transmit) and TBR full, 
TCLTH(TBRE) occurs from the 4th falling edge of CO(BRG) 
after CTS goes low. 
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Notes 3, 4 
Note5A, 5B 


INT.on TC: INTEN enabled; USR bit D5(TC) is updated at 

this time regardless of interrupt configuration. 

- INT on TC occurs from the trailing edge of the 11th 
CO(BRG) in the last Stop bit if TBR empty at that time. 
INTR_on receive flags OF, FE, PE, and RBRK: INTEN 
enabled; Respective USR bits updated at this time 

regardless of interrupt configuration. 

- INT on OE, FE, PE, RBRK occurs from the trailing edge 
of the 11th CO(BRG) in the last Stop bit. To avoid OE, 
RD(RBR) must go low by the trailing edge of the 8th 
CO(BRG) in the fast Stop bit. 

INTR.on MS: INTEN and MIEN enabled; USR bit D4(MS) 

is updated at this time regardless of INTEN/MIEN. 


- INTR on MS occurs whenever CTS or DSR input 
changes state. 


6. TCTHX is time before end of last Stop bit by which CTS must be 


inactive (high) to prevent transmission of the character waiting in 
TBR. 


7. DRbit D7 in USR is updated each time DR changes state. TDRH 
always from trailing edge of 11th CO(BRG) in last Stop bit. 


7) 
6 
<¢= 
Ee 
< 
a6 
7) 
65 
== 
Of 
O 
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UART Timing Characterization (Continued) 
CLOCK (IX) AND CO TIMING 


TCHCL (11) 


CO(BRG) 


TRANSMITTER DATA 


CO(BRG) 


16 CO(BRG) PERIODS 


TDTX (18) 
TX DATA 


DATA BIT 


RECEIVER DATA 


Simi VV 
8 CO(BRG) PERIODS 


16 CO(BRG) PERIODS 


RX DATA \ | START BIT | DATA BIT 


RX BAUD COUNTER 
STARTS HERE 


INTERNAL 
SAMPLE 
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UART Timing Characterization (Continued) 
TRANSMIT TIMING 


8 9/1 10/ HA 124 13/ 


CO(BRG) 


(19) 
TWLTL 


TBRE Note 1 


SDO 


RD 
(21) 
TIHF 
INTR 
11 12 13 14 15 16 
CO(BRG) 
(24) 
TCTHX 
CTS Note 4 
TBRE 


SDO LAST STOP BIT | IDLE 
DISABLED 


NOTES: 
1. TBRE bit D6 in USR is updated each time TBRE changes state. 


2. A. With TR initially empty, TCLTH(TBRE) occurs from the 4th 
falling edge of CO(BRG) after WR goes high. 

B. With TR initially full, TCLTH(TBRE) occurs from the trailing 
edge of the 15th CO(BRG) in the last Stop bit provided WR 
went high by the trailing edge of the 12th CO(BRG) in the 
last Stop bit. 

3. A. With TR (Transmitter Register) initially empty, TDTX occurs 
from the 5th falling edge of CO(BRG) after WR goes high. 

B. With TR initially full, TDTX occurs from the trailing edge of 
the 16th CO(BRG) in the last Stop bit provided WR went 
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LAST STOP BIT / IDLE 


14A 15 16A V1 V2 V3 


(20) . 
TCLTH 


Note 2 


IDLE / START BIT 


(23) 
TRLIL 


(20) 
TCLTH 


Note 5 


START BIT 


high by the trailing edge of the 12th CO(BRG) in the last 
Stop bit. 


. TCTHX is time before end of last Stop bit by which CTS must be 


inactive (high) to prevent transmission of the character waiting in 
TBR. 


. With CTS high (disable transmit) and TBR full, TCLTH(TBRE) 


occurs from the 4th falling edge of CO(BRG) after CTS goes low. 


. With CTS high (disable transmit) and TBR full, TDTX occurs from 


the 5th falling edge of CO(BRG) after CTS goes low. 


w~” 
5 
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Ee 
a6 
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UART Timing Characterization (Continued) 
RECEIVE TIMING 


11 ~ 12 13 14 


CO(BRG) 


15 16 , oT 2 a 


SDI LAST STOP BIT \ \ START BIT / IDLE 


DR 
= (21) 


INTR 


OTHER TIMING 


WR MCR 


(27) 


RTS/DTR ( 


DSR/CTS ( 


INTR NOTE 3 


NOTES: 


1. DR bit D7 in USR is updated each time DR changes state. TDRH 
always from trailing edge of 11th CO(BRG) in last Stop bit. 


2. INTR on receive flags OE, FE, PE, and RBRK: INTEN enabled; 
Respective USR bits updated at this time ee of interrupt 
configuration. 


- INT on OE, FE, PE, RBRK occurs from the trailing edge of the 
11th CO(BRG) in the last Stop bit. To avoid OE, RD(RBR) 
must go low by the trailing edge of the 8th CO(BRG) in the last 
Stop bit. 


ee (23) 


MSR 


3. INTR.on MS: INTEN and MIEN enabled; USR bit D4(MS) is 
updated at this time regardless of INTEN/MIEN. 


- INTR on MS occurs whenever CTS or DSR input changes 
state. 
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Burn-In Circuits 
MD 82C52 CERAMIC DIP 


vec a 28) GND 
R2 
wi -R2 2 R1 ae 
GND 3 26) VCC/ 2 c2 
R2 Rt 
Q4 4 25) VCC a 
R2 Ri 
Qs 5 124 VCC/ 2 
Qs aay 23} A 
Q7 ne aa} VveCy/ 2 
R2 
Q8 S py VCCY 2 
R2 
Q7 ro] 20} VCC/ 2 ae 
as R2 fo po VCC/ 2 | 
R2 R1 C1 
Qi 14] 18} vcc 
R2 
Q2 Gnp A 
R2 
ne 16) GND R3 
R1 R1 
VCC/ 2 14 15] VCC/ 2 
MR 82C52 CERAMIC LCC 
VCC c2 
Q4GND Q3 | GND vcc vu) 
R2|R2{R2|R1 R1 FS 
> 
< 
Oo 
R2 R1 n> 
Q5 VCC O> 
R2 
ae RY veces 2 S = 
Q7 = A Oo 
Q8 = - VCC/ 2 £ 
Q7 VCC/ 2 
oaks RY vecs2 vec 
ai <2 Ri vec 2 a 
A 
R2}R2]R1/R1 R1 
R3 


Q2 FO VCC/2 GND VCC 


NOTES: 
1. VCC = 5.5V + 0.5V 
GND = OV 


2. VIH = 4.5V + 10% 
VIL = -0.2V to +0.4V 
3. Component Values: 
R1 = 1.2K, 1/4W, 5% 
R2 = 47K, 1/4W, 5% . 
R3 = 10KQ, 1/4W, 5% 
C1 = 1.0uF nominal 
C2 = 0.01pF minimum 
FO = 100KHz + 10%, F1 = FO/2, F2 = F1/2 * © © F1i2 = F11/2 
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| Metallization Topology 


178.7 x 187.0 x 19 + 1 mils 
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Ceramic LCC — 420°C (Max) 


Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 


Material: Gold - Silicon Eutectic Alloy 


DIE ATTACH: 


2.07 x 104 A/cm2 


Metallization Mask Layout 
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CDP1854A 
CDP1854AC 


Programmable Universal Asynchronous 
Receiver/Transmitter (UART) 


FARRIS 


SEMICONDUCTOR 


ap 


February 1992 


Features 


Two Operating Modes 

- Mode 0 - Functionally Compatible With Industry 
Types Such as the TR1602A 

- Mode 1 - Interfaces Directly With CDP1800-Series 
Microprocessors Without Additional Components 

Full or Half Duplex Operation 

Parity, Framing and Overrun Error Detection 

e Baud Rate 

- DC to 200K Bits/s at Vopp .... eee eee eee eee 5V 

- DC to 400K Bits/s at Vop .--...-. ee eee eee eee 10V 

Fully Programmable with Externally Selectable Word 

Length (5-8 Bits), Parity Inhibit, Even/Odd Parity, and 

1, 1'/,, or 2 Stop Bits 

e False Start Bit Detection 


Ordering Information 


ccs [race conc] “Sa 
TEMP RANGE | 5V/200K BAUD BAUD 

Plastic DIP | -40°C to +85°C 
retell eel oe 
-40°C to +85°C | CDP1854AC 


Ceramic DIP | -40°C to +85°C | CDP1854ACD CDP1854AD 
coprassacox| | 


Description 


The CDP1854A and CDP1854AC are silicon-gate CMOS 
Universal Asynchronous Receiver/Transmitter (UART) cir- 
cuits. They are designed to provide the necessary formatting 
and control for interfacing between serial and parallel data. 
For example, these UARTs can be used to interface between 
a peripheral or terminal with serial I/O ports and the 8-bit 
CDP1800-series microprocessor parallel data bus system. 
The CDP1854A is capable of full duplex operation, i-.e., 
simultaneous conversion of serial input data to parallel out- 
put data and parallel input data to serial output data. 


The CDP1854A UART can be programmed to operate in one 
of two modes by using the mode control input. When the input 
is high (MODE = 1), the CDP1854A is directly compatible with 
the CDP1800-series microprocessor system without addi- 
tional interface circuitry. When the mode input is low (MODE = 
0), the device is functionally compatible with industry standard 
UART's such as the TR1602A. It is also pin compatible with 
these types, except that pin 2 is used for the mode control 
input instead of a Veg = -12V supply connection. 


The CDP1854A and the CDP1854AC are functionally identi- 
cal. The CDP1854A has a recommended operating voltage 
range of 4V to 10.5V, and the CDP1854AC has a recom- 
mended operating voltage range of 4V to 6.5V. 


The CDP1854A and CDP1854AC are supplied in hermetic 


Y) 
5 
Burn-in ie : cea < rag 
: 3 40 lead dual-in-line ceramic packages (D suffix), in 40 lead <¢ 
8838 dual-in-line plastic packages (E suffix), and in 44 lead plastic O0 
*Respective specifications are included at the end of this chip carrier packages (Q suffix). The CDP1854AC is also } = 
data sheet. available in chip form (H suffix). fa = 
f O 
Pinouts oO 
40 LEAD DIP (MODE 0) 40 LEAD DIP (MODE 1) 44 LEAD PLASTIC CHIP CARRIER (Q SUFFIX) 
TOP VIEW TOP VIEW TOP VIEW Mm 
Voo [1 Ao] T CLocK Voo [1 T CLOCK w g w 8 IE 4 le 2 
MODE(Vs3) [2 | EPE MODE(Vpp) [2 | 30] CTS = @ 9 ; y 8 
Vee 13 38] WLS 1 Ves 38} ES sis & aisis 
RRD [4 | 37 | WLS 2 CS2 [4] 371 PSI 6 § 3 40 
R Bus 7 [5] 136] SBS R BUS 715] 36] NC 
R BUS 6 [6 | Pl Reus 6 [6] 35] CS3 
R Bus 5 [7 | 34} CAL R BUS 5 34] ROWA 
A BUS 4 [8 | 33) T BUS 7 R Bus 4 [8] 33] T BUS7 
R BUS 3 [9 | 32] T BUS 6 A BUS 3 [9] 32] T BUS 6 
R BUS 2 [10 31] T BUS 5 A BUS 2 [10 31] T BUS 5 
A BUS 4 [11] 30] T BUS 4 R BUS 1 111 30] T BUS 4 
R Bus 0 [12 129] TY BUS 3 A BUS 0 [12 129] T BUS 3 
PE 128] T BUS 2 WT 13) 28] T BUS 2 
FE {14 27] Y BUS 1 FE f14] 27] T BUS 1 
OE 126] T BUS 0 PEAOE [15| 126) T BUS 0 
SFD [16| 125} SDO ASEL [16 SDO 
ACLOCK 24] TSRE R CLOCK 24] ATS 
DAR [18] 123) THRE TPB Hie) 123] CSI 
DA [19] THRE BA fig 22] THRE 
spi [20] 21] MR spi [20 21] CLEAR 


NC = NO CONNECT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Mode Input High (Mode = 1) 


coP!Iso2 
TRANSMITTER. SECTION | INTERFACE | RECEIVER, SECTION 
O 
2 1! @o2g |. 8 
a San aver J 1,2=Vpp 
CEE! ere le ee 3=Vsg 
, 21= CLEAR 
L 3 36=NC 
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ee EF ! geese 
* e a. x 
TRANSMITTER BUS RECEIVER BUS 
(26390 Oe ey 
quem am=wm=me esa eee lee eel eee lee lee lee lee eee q asia a oe ee eee ems Cea ee ere ee 
*USER INTERCONNECT Vy SEC MRe8S59R5 


Fig. 1 - Mode 7 block diagram (CDP1800-series microprocessor compatible). 
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Specifications CDP1854A, CDP1854AC 
Maximum Ratings, Absolute Maximum Values 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 

(Voltages Referenced to Vsg Terminal) T, = Full Package Temperature Range............... 100mW 

COP 16984 accent i iho 6 rea eros eae ees -0.5V to +11V Operating Temperature Range (Ta) 

COP 1IOS4AG. oad ewig cea ersa «ted ease es -0.5V to +7V (Package Type D.... 1... . ccc eee eee ee -55°C to +125°C 
Input Voltage Range, All Inputs .............. ~0.5V to Vop +0.5V (Package Type EandQ.............. 0. eae -40°C to +85°C 
DC Input Current, any One Input........... 0.0.0... 0c eee ee +10mA Storage Temperature Range (Ty) ..........6-- -65°C to +150°C 
Power Dissipation Per Package (Pp) Lead Temperature (During Soldering): 

T, = -40 to +60°C (Package Type E) ................. 500mWw At distance 1/16 +1/32 In. 

T, = +60 to +85°C (Package Type E)......... Derate Linearly at (1.59 + 0.79mm) from case for 10s max .............. +265°C 
12mW/°C to 200mW *Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick G10 

T, = -55 to +100°C (Package Type D) ................ 500mW epoxy glass, or equivalent 

Ta = +100 to +125°C (Package Type D)....... Derate Linearly at 
12mWPC to 200mW 

Ty = -40°C to +85°C (Package Type Q)* .............. 500mWw 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, unless otherwise noted. 
LIMITS 
CHARACTERISTIC 


Quiescent Device Current, Ipp 


Output Low Drive (Sink) Current, lo. 
(Except pins 24 and 25) 


Output High Drive (Source) Current, lon 


Output Low Drive (Sink) Current, lo. 
‘| Pins 24 and 25 


Output Voltage Low-Level, Vo* 


Output Voltage High-Level, Von * 


Input Low Voltage, Vi, 


” 
G 
.- 4 
 - 
a6 
a9 
05 
== 
Os 
Oo 
.S) 


Output Capacitance, CouT 


*Typical values are for Ta=25°C. *IOL=IOH=1 WA. 
* Operating current is measured at 200 kHz for Vpp=5 V and 400 kHz for Vpp=10 V in a CDP1800-series microprocessor system, 
with open outputs. 


RECOMMENDED OPERATING CONDITIONS at Ta=Full Package Temperature Range 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CONDITIONS LIMITS 
CHARACTERISTIC CDP1854A CDP1854AC | UNITS 
DC Operating-Voitage Range 


Input Voltage Range 


Baud Rate (Receive or Transmit) 
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Functional Definitions for CDP1854A Terminals 
Mode 1 

CDP1800-Series oo Compatible 
SIGNAL: FUNCTION 

VoD: 

Positive supply voltage 

MODE SELECT (MODE): 

A high-level voltage at this input selects CDP1800-series 
microprocessor Mode operation. 

Vss: 

Ground 

CHIP SELECT 2 (CS2): 


A low-level voltage at this input together with CS1 and CS3 
selects the CDP1854A UART. 


RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs (may be externally connected 
to corresponding transmitter bus terminals). 


INTERRUPT (INT): 
A low-level voltage at this output indicates the presence of 
one or more of the interrupt conditions listed in Table I. 


FRAMING ERROR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. 


PARITY ERROR or OVERRUN ERROR (PE/OE): 

A high-level voltage at this output indicates that either the 
PE or OE bitin the Status Register has been set (see Status 
Register Bit Assignment, Table II. 


REGISTER SELECT (RSEL): 

This input is used to choose either the Control/Status 
Registers (high input) or the transmitter/receiver data 
registers (low input) according to the truth table in Table III. 


RECEIVER CLOCK (RCLOCKk): : 
Clock input with a frequency 16 times the desired receiver 
shift rate. 


TPB: 
A positive input pulse used as a data load or reset strobe. 


DATA AVAILABLE (DA): 

A low-level voitage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 


SERIAL DATA IN (SDI): 

Serial data received on this input line enters the Receiver 
Shift Register at a point determined by the character 
length. A high-level input voltage must be present when 
data is not being received. 


CLEAR (CLEAR): 

A low-level voltage at this input resets the Interrupt Flip- 
Flop, Receiver Holding Register, Control Register, and 
Status Register, and sets SERIAL DATA OUT (SDO) high. 


TRANSMITTER HOLDING REGISTER EMPTY (THRE): 

A low-level voltage at this output indicates that the Trans- 
mitter Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. 


CHIP SELECT 1 (CS1): 

A high-level voltage at this input together with CS2andCS3 
selects the UART. 

REQUEST TO SEND (RTS): 


This output signal telis the peripheral to get ready to 
receive data. CLEAR TO SEND (CTS) is the response from 


the peripheral. RTS is set to a low-level voltage when data is 


latched in the Transmitter Holding Register or TR is set 
high, and is reset high when both the Transmitter Holding 
Register and Transmitter Shift Register are empty and TRis 
low. 


SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register [start bit, 
data bits, parity bit, and stop bit(s)] are serially shifted out 
on this output. When no character is being transmitted, a 
high level is maintained. Start of transmission is defined as. 
the transition of the start bit from a high-level to a low-level 
output voltage. 


TRANSMITTER BUS (T BUS 0 - T BUS 7): 
Transmitter parallel data input. These may be externally 
connected to corresponding Receiver bus terminals. 


RD/WR: 

A low-level voltage at this input gates data from the 
transmitter bus to the Transmitter Holding Register or the 
Control Register as chosen by register select. A high-level 
voltage gates data from the Receiver Holding Register or 
the Status Register, as chosen by register select, to the 
receiver bus. 


CHIP SELECT 3 (CS3): 


With high-level voltage at this input together with CS1 and . 
CS2 selects the UART. 


PERIPHERAL STATUS INTERRUPT (PSI): 


A high-to-low transition on this input line sets a bit in the 
Status Register and causes an INTERRUPT (INT=low). 
EXTERNAL STATUS (ES): 

A low-level voltage at this input sets a bit in the Status 
Register. 

CLEAR TO SEND (CTS): 

When this input from peripheral is high, transfer of a 


character to the Transmitter Shift Register and shifting of 
serial data out is inhibited. 


TRANSMITTER CLOCK (TCLOCK): | 
Clock input with a frequency 16 times the desired transmitter 
shift rate. 
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Table I — Interrupt Set and Reset Conditions 


THRE® 
(Ability to reload) 


SET* (INT = LOW) RESET (INT = HIGH) 
CONDITION TIME 


DA Read of data TPB leading edge 
(Receipt of data 


Read of status or 
write of character 


Negative edge 
CTS Read of status 
(Positive edge when THRE - TSRE) 


TPB leading edge 


TPB leading edge 


TPB trailing edge 


TPB leading edge 


“Interrupts will occur only after the IE bit in the Control Register (see Table IV) has been set. 
* THRE will cause an interrupt only after the TR bit in the Contro! Register (see Table IV) has been set. 


Table I] — Status Register Bit Assignment 


HOM oe ee 
[Also Available at Terminal | 22" | — | 


“Polarity reversed at output terminal. 


Bit Signal: Function 


O0—DATA AVAILABLE (DA): 

When set high, this bit indicates that an entire character has 
been received and transferred to the Receiver Holding 
Register. This signal is also available at Term. 19 but with its 
polarity reversed. 


1—OVERRUN ERROR (OE): 

When set high, this bit indicates that the Data Available bit 
was not reset before the next character was transferred to 
the Receiver Holding Register. This signal OR’ed with PE is 
output at Term. 15. 


2—PARITY ERROR (PE): 

When set high, this bit indicates that the received parity bit 
does not compare to that programmed by the EVEN 
PARITY ENABLE (EPE) control. This bit is updated each 
time a character is transferred to the Receiver Holding 
Register. This signal OR’ed with OE is output at Term. 15. 


3—FRAMING ERROR (FE): 

When set high, this bit indicates that the received character 
has no valid stop bit, i.e., the bit following the parity bit (if 
programmed) is not a high-level voltage. This bit is updated 
each time a character is transferred to the Receiver Holding 
jRegister. This signal is also available at Term. 14. 
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4—EXTERNAL STATUS (ES): —_— 
This bit is set high by a low-level input at Term. 38 (ES). 


5—PERIPHERAL STATUS INTERRUPT (PSI): 

This bit is set high by a high-to-low voltage transition of 
Term. 37 (PSI). The INTERRUPT output (Term. 13) is also 
asserted (INT=Ilow) when this bit is set. 


6—TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
When set high, this bit indicates that the Transmitter Shift 
Register has completed serial transmission of a full 
character including stop bit(s). It remains set until the start 
of transmission of the next character. 


7—TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
When set high, this bit indicates that the Transmitter 
Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. Setting this bit also sets the THRE output (Term. 
22) low and causes an INTERRUPT (INT=Ilow), if TR is 
high. 


” 

6 
<qt= 
Ee 
a6 
as 
o§5 
== 
Os 
O 
a) 


CDP1854A, CDP1854AC 


Description of Mode 1 Operation CDP1800-Series Micro- 
processor Compatible (Mode Input=Vpp) 


1. Initialization and Controls 


In the CDP1800-series microprocessor compatible mode, 
the CDP1854A is configured to receive commands and 
send status via the microprocessor data bus. The register 
connected to the transmitter bus or the receiver bus is 
determined by the RD/WR and RSEL inputs as follows: 


Table III — Register Selection Summary 


Load Transmitter Holding Register from 
Transmitter Bus 


Read Receiver Holding Register from 
Receiver Bus 


Load Control Register from Transmitter 
Bus 


Read Status Register from Receiver Bus 


In this mode the CDP1854A is compatible with a bidirec- 
tional bus system. The receiver and transmitter buses are 
connected to the bus. CDP1800-series microprocessor I/O 
control output signals can be connected directly to the 
CDP1854A inputs as shown in Fig. 2. The CLEAR input is 
pulsed, resetting the Control, Status, and Receiver Holding 
Registers and setting SERIAL DATA OUT (SDO) high. The 
Control Register is loaded from the Transmitter Bus in 
order to determine the operating configuration for the 
UART. Data is transferred from the Transmitter Bus inputs 
to the Control Register during TPB when the UART is 
selected (CS1- CS2 - CS3=1) and the Control Register is 
designated (RSEL=H, RD/WR=L). The CDP1854A also has 
a Status Register which can be read onto the Receiver Bus 
(R BUS 0- R BUS 7) in order to determine the status of the 
UART. Some of these status bits are also available at 
separate terminals as indicated in Table II. 


2. Transmitter Operation 


Before beginning to transmit, the TRANSMIT REQUEST 
(TR) bitin the Control Register (see bit assignment, Table 
IV) is set. Loading the Control Register with TR=1 (bit 
7=high) inhibits changing the other control bits. Therefore 
two loads are required: one to format the UART, the second 
to set TR. When TR has been set, a TRANSMITTER 
HOLDING REGISTER EMPTY (THRE) interrupt will occur, 
signalling the microprocessor that the Transmitter Holding 
Register is empty and may be loaded. Setting TR also 
causes assertion of a low-level on the REQUEST TO SEND 
(RTS) output to the peripheral. It is not necessary to set TR 
for proper operation for the UART. If desired, it can be used 
to enable THRE interrupts and to generate the RTS signal. 
The Transmitter Holding Register is loaded from the bus by 
TPB during execution of an output instruction. The 
CDP1854A is selected by CS1 - CS2 - CS3=1, and the 
Holding Register is selected by RSEL=L and RD/WR=L. 
When the CL ND ( ) input, which can be 
_ connected to a peripheral device output, goes low, the 
Transmitter Shift Register will be loaded from the Trans- 
mitter Holding Register and data transmission will begin. If 
CTS is always low, the Transmitter Shift Register will be 
loaded on the first high-to-low edge of the clock which 
occurs at least 1/2 clock period after the trailing edge of 
TPB and transmission of a start bit will occur 1/2 clock 
period later (see Fig. 3). Parity (if programmed) and stop 
bit(s) will be transmitted following the last data bit. If the 
word length selected is less than 8 bits, the most significant 
unused bits in the transmitter shift register will not be 
transmitted. 
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One transmitter clock period after the Transmitter Shift 
Register is loaded from the Transmitter Holding Register, 
the THRE signal will go low and an interrupt will occur (INT 
goes low). The next character to be transmitted can then be 
loaded into the Transmitter Holding Register for trans- 
mission with its start bit immediately following the last stop 
bit of the previous character. This cycle can be repeated 
until the last character is transmitted, at which time a final 
THRE: TSRE interrupt will occur. This interrupt signals the 
microprocessor that TR can be turned off. This is done by 
reloading the original control byte in the Control Register 
with the TR bit = 0, thus terminating the REQUEST TO 
SEND (RTS) signal. 


SERIAL DATA OUT (SDO) can be held low by setting the 
BREAK bit in the Control Register (see Table IV). SDO is 
held low until the BREAK bit is reset. 


TCLOCK RCLOC 


RSEL 
csi 
V Preeti ate 
oo es RTS 
O CS2 ie 
0 cS3 
°o 
Voo eae P 
RD/WR E 
R 
TPB UART ; 
o. COPI854A S p 
INT — 
J PSI Z 
i, cht aas hi THRE A 
at eee Elan = 
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eee” SDI 
‘o — ~-| PE/OE 
SDO 
T BUS 


wae R BUS 
CLEAR MODE 


VoD 
92CS-28460Ri 


Fig. 2- Recommended CDP1800-series connection, 
Mode 1 (non-interrupt driven system). 


3. Receiver Operation 


The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After detection of the first 
high-to-low transition on the SDI line, a valid start bit is 
verified by checking for a low-level input 7-1/2 receiver 
clock periods later. When a valid start bit has been verified, 
the following data bits, parity bit (if programmed) and stop 
bit(s) are shifted into the Receiver Shift Register by clock 
pulse 7-1/2 in each bit time. The parity bit (if programmed) 
is checked and receipt of a valid stop bit is verified. On 
count 7-1/2 of the first stop bit, the received data is loaded 
into the Receiver Holding Register. If the word length is less 
than 8 bits, zeros (low output level) are loaded into the 
unused most significant bits. lf DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) status bit is 
set. One half clock period later, the PARITY ERROR (PE) 
and FRAMING ERROR (FE) status bits become valid for the 
character in the Receiver Holding Register. At this time, the 
Data Available status bit is also set and the DATA 
AVAILABLE (DA) and INTERRUPT (INT) outputs go low, 
signalling the microprocessor that a received character is 
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ready. The microprocessor responds by executing an input 
instruction. The UART's 3-state bus drivers are enabled 
when the UART is selected (CS1 - CS2 - CS3=1) and 
RD/WR=high. Status can be read when RSEL=high. Data 


is read when RSEL=low. When reading data, TPB latches 


data in the microprocessor and resets DATA AVAILABLE 
(DA) in the UART. The preceding sequence is repeated for 
each serial character which is received from the peripheral. 


4. Peripheral Interface 
In addition to serial data in and out, four signals are 


provided for communication with a peripheral. The 
REQUEST TO SEND (RTS) output signal alerts the 
peripheral to get ready to receive data. The CLEAR TO 
SEND (CTS) input signal is the response, signalling that 
the peripheral is ready. The EXTERNAL STATUS (ES) 


input latches a peripheral status level, and the PERIPHERAL 
STATUS INTERRUPT 


(PST) input senses a status edge 
(high-to-low) and also generates an interrupt. For example, 
the modem DATA CARRIER DETECT line could be 
connected to the PSI input on the UART in order to signal 
the microprocessor that transmission failed because of 
loss of the carrier on the communications line. The PSI and 
ES bits are stored in the Status Register (see Table 11). 


Table IV — Control Register Bit Assignment 


Bit | z7{ 6 | 5] 4 
TR| BREAK| IE WLS 


Signal 


Bit Signal: Function 

O—PARITY INHIBIT (PI): 

When set high parity generation and verification are 
inhibited and the PE Status bit is held low. If parity is 
inhibited the stop bit(s) will immediately follow the last data 
bit on transmission, and EPE is ignored. 

1—EVEN PARITY ENABLE (EPE): 

When set high, even parity is generated by the transmitter 
and checked by the receiver. When low, odd parity is 
selected. 

2—STOP BIT SELECT (SBS): 

See table below. 

3—WORD LENGTH SELECT 1 (WLS1): 

See table below. 

4—WORD LENGTH SELECT 2 (WLS2): 

See table below. 


~ - «§ - OCF 000 


5—INTERRUPT ENABLE (IE): | 
When set high THRE, DA, THRE - TSRE, CTS, and PSI 
interrupts are enabled (see Interrupt Conditions, Table I). 


6—TRANSMIT BREAK (BREAk): 

Holds SDO low when set. Once the break bit in the control 
register has been set high, SDO will stay low until the break 
bit is reset low and one of the following occurs: CLEAR 
goes low; CTS goes high; or a word is transmitted. (The 
transmitted word will not be valid since there can be no start 
bit if SDO is already low. SDO can be set high without 
intermediate transitions by transmitting a word consisting 
of all zeros). 


7—TRANSMIT REQUEST (TR): 

When set high, RTS is set low and data transfer through the 
transmitter is initiated by the initial THRE interrupt. (When 
loading the Control Register from the bus, this (TR) bit 
inhibits changing of other control flip-flops). 


5 data bits, 1 stop bit 

5 data bits, 1.5 stop bits 
6 data bits, 1 stop bit 

6 data bits, 2 stop bits 
7 data bits, 1 stop bit 

7 data bits, 2 stop bits 
8 data bits, 1 stop bit 

8 data bits, 2 stop bits 


CMOS DATA 
COMMUNICATIONS 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tag = -40 to +85°C, Vpp +5%, ty,tf=20 ns, Vjpq=0.7 Vpp, ViL=0.3 Vpp, 
C_=100 pF,seeFig.3. 98 | 2 . 


f a ar __LIMITS 
CHARACTERISTIC | __CDP1854A CDP1854AC UNITS 


Transmitter Timing — Mode 1 
Minimum Clock Period i 125 
Minimum Pulse Width; | 100 
Clock LowLevel > | 75 
100 
75 
100 


Clock High Level 


Minimum Setup Time: 
TPB to Clock 
| Propagation Delay Time: 
Clock to Data Start Bit 


TPB to THRE 


Clock to THRE 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 


TRANSMITTER SHIFT * * 


TRANSMITTER HOLDING * 
REGISTER LOADED 


REGISTER LOADED 


T CLOCK 


B 
a 
o 
n 
ul 
rs 


t_ 
75 


35 
T= 
oxo 
~—m 

~~ 


SDO | | | } 1ST DATA BIT 


% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TPB. 


%% THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD +t1t¢ AFTER THE TRAILING EDGE OF TPB, AND 
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcp LATER. 


t WRITE IS THE OVERLAP OF TPB, CSI, AND CS3 =| AND CS3, RD/ WR=O. 92CM-31878 


Fig. 3- Transmitter timing diagram - Mode 1. 


5-48 


CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, t,,t¢=20 ns, Vin=0.7 Vpp, Vi_=0.3 Vpp, 
C,=100 pF, see Fig. 4. 


LIMITS 
CHARACTERISTIC CDP1854A CDP1854AC UNITS 


Receiver Timing — Mode 1 
Minimum Clock Period 


Minimum Pulse Width: 
Clock Low Level 


Clock High Level 


Minimum Setup Time: 
Data Start Bit to Clock 
Propagation Delay Time: 
TPB to DATA AVAILABLE 


Clock to DATA AVAILABLE 
Clock to Overrun Error — 
Clock to Parity Error 


Clock to Framing Error 


” 
= 
tTypical values are for Ta=25°C and nominal voltages. < ° 
*Maximum limits of minimum characteristics are the values above which all devices function. q = 
t a9 
pa 2S, CLOCK 7%2 n> 
t penpelt SAMPLE CLOCK 7¥2 LOAD HOLDING REGISTER o> 
R CLOCK 2 3 4 5 6 7 16 t 2 3 4 5 6 7 sj |9 os 
0 ! | 1 oO 

> h-— toc* | 
! ! ! © 

SDI | START BIT PARITY | STOP BIT | a 

i | 

io rtcoa 


Ie TDA— 


a 


92CM~ 31880 
% IF ASTART BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 


THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 


% % READ IS THE OVERLAP OF CSI, CS3, RO/ WR=I AND €S2 <0. 
IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE. 


t OF AND PE SHARE TERMINAL I5 AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTFR 


Fig. 4 - Mode 1 receiver timing diagram. 
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CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpop +5%, ty,tg=26 ns, Vipq=0.7 Vpp, Vi_=0.3 Vpp, 
C.=100 pF, see Fig. 5. 


__LIMITS 
CHARACTERISTIC CDP1854A. CDP1854AC UNITS 


Typ |_Max* | typt | maxx 


CPU Interface — WRITE Timing — Mode 1 
Minimum Pulse Width: 

TPB 
Minimum Setup Time: 

RSEL to Write 


Data to Write 


Minimum Hold Time: 
RSEL after Write 


Data after Write 


tTypical values are for T~=25°C and nominal voltages. 
*Maximum limitS of minimum characteristics are the values above which all devices function. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpn +5%, ty,tf=20 ns, Vjpq=0.7 Vpp, Vit=0.3 Vpp; 
Cz, =100 pF, see Fig. 6. 


CHARACTERISTIC 


CPU Interface — READ Timing — Mode 1 
Minimum Pulse Width: 
TPB 
Minimum Setup Time: 
RSEL to TPB 
Minimum Hold Time: 
RSEL after TPB 


Hold Time: 
Data after Read 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1854A, CDP1854AC 


ae es 
TpB* | | 
| 
faa sw ro-twrs—4 
{ 
RSEL X a i (AES RED CS 
\ | 
1 tow-———+ et Wo —my 
LL ae eT: pies EAE A Game 
T BUS 7 | 
C83, CSI" WY WE EEE a 
% WRITE IS THE OVERLAP OF TPB, CSI, CS3=! AND CS2, RD/WR=O0. SEEM nIe 7S 
Fig. 5 - Mode 1 CPU interface (WRITE) timing diagram. 
ea aaeee noma 
TPB eee eee 
rst e—tTRS m4 
i) oa pra Ga RIS Cem nEe 
r 
la—t RSDV—"4 | 
a ey ee ER A) See 
—~ tropa Ke F 
RDH 


1 ——t Rov-———_e¥ 


= 

ea 
| 

aor J 


% READ IS THE OVERLAP OF CSI, CS3, RD/WR=! AND CS2=0. 


TIMING & CONTROL 
PARITY 
GEN 
TRANS. RECEIVER 
25 SHIFT HOLDING 
REGISTER REGISTER 


92CM - 31881 2 
«O° 
Fig. 6 - Mode 1 CPU interface (READ) timing diagram. = D> 
QAO 
n> 
Mode Input Low (Mode = 0) | ee 05 
| 2,32 Vss - = 
T CLOCK | R CLOCK 21=MR FS 
$DO 40 | 17 5 
TRANSMITTER | RECEIVER RECEIVER | 20 
| TIMING ; CONTROL Pej aie SOL 
| 
| 


TRANS. 
HOLDING REG. 


CONTROL 


| 
| 
REGISTER 34 | REGISTER DRIVERS 
| 
| 
| 


35 36 39 38 37 


28 29 30 Ht 32 24413 4 15 19 7 8 9 10 


oO - wn mo Ff HO oO ey % 2 —- WN o a = uJ . a reo oO tf MN — O 
” ire 

5:89 3.333. 5 < ow 3 zx P ¥$3$$3338 3 
oe oe dete ee SPARE = 2 CRU | SFO pAR 2 © 2 2 GOD D Py, 

ror coe en et ere 

TRANSMITTER | RECEIVER 
BUS BUS 
TRANSMITTER SECTION | RECEIVER SECTION 


92CL- 28456RI 


Fig. 7 - Mode 0 block diagram (industry standard compatible). 
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CDP1854A, CDP1854AC 


Functional Definitions for CDP1854A Terminals 
Standard Mode 0 


SIGNAL: FUNCTION 


Voo: 

Positive supply voltage. 

MODE SELECT (MODE): 

A low-level voltage at this input selects Standard Mode 0 
Operation. 


Vss: 

Ground. 

RECEIVER REGISTER DISCONNECT (RRD): 

A high-level voltage applied to this input disconnects the 
Receiver Holding Register from the Receiver Bus. 


RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs. 


PARITY ERROR (PE): 

A high-level! voltage at this output indicates that the 
received parity does not compare to that programmed by 
the EVEN PARITY ENABLE (EPE) control. This output is 
updated each time acharacter is transferred to the Receiver 
Holding Register. PE lines from a number of arrays can be 
bused together since an output disconnect capability is 
provided by the STATUS FLAG DISCONNECT (SFD) line. 


FRAMING ERROR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. FE lines from 
a number of arrays can be bused together since an output 
disconnect capability is provided by the STATUS FLAG 
DISCONNECT (SFD) line. 


OVERRUN ERROR (OE): 

A high-level voltage at this output indicates that the DATA 
AVAILABLE (DA) flag was not reset before the next 
character was transferred to the Receiver Holding Register. 
OE lines from a number of arrays can be bused together 
since an output disconnect capability is provided by the 
STATUS FLAG DISCONNECT (SFD) line. 


STATUS FLAG DISCONNECT (SFD): 

A high-level voltage applied to this input disables the 3- 
state output drivers for PE, FE, OE, DA, and THRE, allowing 
these status outputs to be bus connected. 


RECEIVER CLOCK (RCLOCK): 
Clock input with a frequency 16 times the desired receiver 
shift rate. 


DATA AVAILABLE RESET (DAR): 
A low-level voltage applied to this input resets the DA 
flip-flop. 


DATA AVAILABLE (DA): 

A high-level voitage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 


SERIAL DATA IN (SDI): 

Serial data received at this input enters the receiver shift 
register at a point determined by the character length. A 
high-level voltage must be present when data is not being 
received. 


MASTER RESET (MR): 

A high-level voltage at this input resets the Receiver 
Holding Register, Control! Register, and Status Register, 
and sets the serial data output high. 
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TRANSMITTER HOLDING REGISTER EMPTY (THRE): 

A high-level voltage at this output indicates that the 
Transmitter Holding Register has transferred its contents 
to the Transmitter Shift Register and may be reloaded with 
a new character. . 


TRANSMITTER HOLDING REGISTER LOAD (THRL): 

A low-level voltage applied to this input enters the character 
on the bus into the Transmitter Holding Register. Data is 
latched on the trailing edge of this signal. 


TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 

A high-level voltage at this output indicates that the 
Transmitter Shift Register has completed serial transmission 
of a full character including stop bit(s). It remains at this 
level until the start of transmission of the next character. 


SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register (start bit, 
data bits, parity bit, and stop bit(s)) are serially shifted out 
on this output. When no character is being transmitted, a 
high-level is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 


TRANSMITTER BUS (T BUS 0 - T BUS 7): 
Transmitter parallel data inputs. 


CONTROL REGISTER LOAD (CRL): 

A high-level voltage at this input loads the Control Register 
with the control bits (PI, EPE, SBS, WLS1, WLS2). This line 
may be strobed or hardwired to a high-level input voltage. 


PARITY INHIBIT (Pl): 

A high-level voltage at this input inhibits the parity genera- 
tion and verification circuits and will clamp the PE output 
low. If parity is inhibited the stop bit(s) will immediately 
follow the last data bit on transmission. 


STOP BIT SELECT (SBS): 

This input selects the number of stop bits to be transmitted 
after the parity bit. A high-level selects two stop bits, a 
low-level selects one stop bit. Selection of two stop bits 
with five data bits programmed selects 1.5 stop bits. 


T CLOCK R CLOCK 


cpu TPB 
CDP!800 


92CS-34506 


Fig. 8 - Mode 0 connection diagram. 


CDP1854A, CDP1854AC 


WORD LENGTH SELECT 2 (WLS2): 

WORD LENGTH SELECT 1 (WLS1): 

These two inputs select the character length (exclusive of 
parity) as follows: 


WLS2 } WLS1 Word Length 


EVEN PARITY ENABLE (EPE): 

A high-level voltage at this input selects even parity to be 
generated by the transmitter and checked by the receiver. A 
low-level input selects odd parity. 


TRANSMITTER CLOCK (TCLOCk): 
Clock input with a frequency 16 times the desired transmitter 
shift rate. 


Description of Standard Mode 0 Operation 
(Mode Input=Vss) 


1. Initialization and Controls 


The MASTER RESET (MR) input is pulsed, resetting the 
Control, Status, and Receiver Holding Registers and setting 
the SERIAL DATA OUTPUT (SDO) signal high. Timing is 
generated from the clock inputs, Transmitter Clock 
(TCLOCK) and Receiver Clock (RCLOCK), at a frequency 
equal to 16 times the serial data bit rate. When the receiver 
data input rate and the transmitter data output rate are the 
same, the TCLOCK and RCLOCK inputs may be connected 
together. The CONTROL REGISTER LOAD (CRL) input is 
pulsed to store the control inputs PARITY INHIBIT (Pl), 
EVEN PARITY ENABLE (EPE), STOP BIT SELECT (SBS), 
and WORD LENGTH SELECTs (WLS1 and WLS2). These 
inputs may be hardwired to the proper voltage levels (Vss 
or Vpp) instead of being dynamically set and CRL may be 
hardwired to Vpp. The CDP1854A is then ready for 
transmitter and/or receiver operation. 


2. Transmitter Operation 


For the transmitter timing diagram refer to Fig. 10. At the 
beginning of atypical transmitting sequence the Transmitter 
Holding Register is empty (THRE is HIGH). A character is 
transferred from the transmitter bus to the Transmitter 


holding Register by applying a low pulse to the TRANS- 
MITTER HOLDING REGISTER LOAD (THRL) input causing 
THRE to go low. If the Transmitter Shift Register is empty 
(TSRE is HIGH) and the clock is low, on the next high-to- 
low transition of the clock the character is loaded into the 
Transmitter Shift Register preceded by a start bit. Serial 
data transmission begins 1/2 clock period later with a start 
bit and 5-8 data bits followed by the parity bit (if pro- 
grammed) and stop bit(s). The THRE output signal goes 
high 1/2 clock period later on the high-to-low transition of 
the clock. When THRE goes high, another character can be 
loaded into the Transmitter Holding Register for trans- 
mission beginning with a start bit immediately following the 
last stop bit of the previous character. This process is 
repeated until all characters have been transmitted. When 
transmission is complete, THRE and Transmitter Shift 
Register Empty (TSRE) will both be high. The format of 
serial data is shown in Fig. 12. Duration of each serial 
output data bit is determined by the transmitter clock 
frequency (fCLOCKk) and will be 16/f CLOCK. 


3. Receiver Operation 


The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After the detection of a 
high-to-low transition on the SDI line, a divide-by-16 
counter is enabled and a valid start bit is verified by 
checking for a low-level input 7-1/2 receiver clock periods 
later. When a valid start bit has been verified, the following 
data bits, parity bit (if programmed), and stop bit(s) are 
shifted into the Receiver Shift Register at clock pulse 7-1/2 
in each bit time. If programmed, the parity bit is checked, 
and receipt of a valid stop bit is verified. On count 7-1/2 of 
the first stop bit, the received data is loaded into the 
Receiver Holding Register. If the word length is less than 8 
bits, zeros (low output voltage level) are loaded into the 
unused most significant bits. lf DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) signal is 
raised. One-half clock period jater, the PARITY ERROR 
(PE) and FRAMING ERROR (FE) signals become valid for 
the character in the Receiver Holding Register. The DA 
signal is also raised at this time. The 3-state output drivers 
for DA, OE, PE and FE are enabled when STATUS FLAG 
DISCONNECT (SFD) is low. When RECEIVER REGISTER 
DISCONNECT (RRD) goes low, the receiver bus 3-state 
output drivers are enabled and data is available at the 
RECEIVER BUS (R BUS 0 - R BUS 7) outputs. Applying a 
negative pulse to the DATA AVAILABLE RESET (DAR) 
resets DA. The preceding sequence of operation is repeated 
foreach serial character received. Areceiver timing diagram 
is shown in Fig. 11. 
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CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, ty,tf=20 ns, Vjp=0.7 Vpp, ViL=0.3 Vpp. 
CL=100 pF, see Fig. 9. oe 


LIMITS 
CHARACTERISTIC | CDP1854A CDP1854AC UNITS 


Interface Timing — Mode 0 


CRL tCRL 1 
Minimum Pulse Width: 


Minimum Setup Time: 
Control Word to CRL 
Minimum Hold Time: | 
Control Word after CRL tccw 


Propagation Delay Time: 5 
SFD High to SOD tSFDH 10 
SFD Low to SOD tSFDL 


RRD High to Receiver Register 5 
High Impedance 


RRD Low to Receiver Register Active 


tTypical values are for T,~=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 


CONTROL INPUT WORD TIMING 


CONTROL WORD 
INPUT ) 

l t t ' 
t—————_____________________. Ne ee CCW— 


CRL 
gs eee Ree ee 


STATUS OUTPUT TIMING 


STATUS 
OUTPUTS t 


RECEIVER REGISTER DISCONNECT TIMING 


R BUS O- 
R BUS 7 
! 
—e! tRROH— tt RRDL 


RRO 


92CM-31875 


Fig. 9 - Mode 0 interface timing diagram. 
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CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, ty,tf=20 ns, VIHE =0.7 Vop, Vi_=0.3 Vop, 
C_=100 pF, see Fig. 10. 


LIMIT 
CHARACTERISTIC CDP1854A arg erory UNITS 


Typ.t | Max.* | Typ-t |_Typ.t | Max.* | 


Transmitter Timing — Mode 0 


Minimum Clock Period 
155 


Minimum Pulse Width: 
Clock Low Level 


Clock High Level 


Minimum Setup Time: 
THRL to Clock 


Data to THRL 


“Minimum Hold Time: 
Data after THRL 

Propagation Delay Time: 
Clock to Data Start Bit 


Clock to THRE 
THRL to THRE 


Clock to TSRE 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 
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“ ** TRANSMITTER SHIFT 
TRANSMITTER HOLDING REGISTER LOADED 
REGISTER LOADED 


T CLOCK 4) fis} jie fi 21 3 
oe 
; leap 1 4 { 
THRL | | | | 
1 V4 | 
he—tTHTH—™ = I-t be -tep ~o! ten 


tot—ale— ftp 
ee Ci = 
+ RSD C7 SEE NCS, GRE Se oe SSIES 


% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL. 
%% THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 


CLOCK WHICH OCCURS AT LEAST I/2 CLOCK PERIOD+tTHCAFTER THE TRAILING EDGE OF THRL, AND TRANS- 
MISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcp LATER. 


92CM-31876RI 
Fig. 10 - Mode 0 transmitter timing diagram. 
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CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS. at Ta = -40 to , +85°C, Ves 45%, tr.ty= =201 ns, eee =0.7 Vpp, Vit=0.3 Von: 
C.=100 pF, see Fig. 11. 


7 | LIMITS 
CHARACTERISTIC _CDP1854A CDP1854AC_| UNITS 


| typ. | Maxx | typ.t | Max 
Receiver Timing — ~ Mode 1) 


Minimum Pulse Width: 
Clock Low Level 


Clock High Level 


DATA AVAILABLE RESET 


Minimum Setup Time: 
Data Start Bit to Clock 


Propagation Delay Time: 
DATA AVAILABLE RESET to 


Data Available 


Clock to Data Valid 
Glock to Data Available. 
Clock to Overrun Error 
Clock to Parity Error 


Clock to Framing Error 


tTypical values are for Ta=25°C and nominal voitages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 
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t 
pen, CLOCK 7 Yo 
| leelt op SAMPLE CLOCK 742 LOAD HOLDING REGISTER 
lI 


ton 
R CLOCK iPlefPlaPlefTisflell7l Jef li CleflaflefisfClefl7 lef lo 


oy be—toc® 


| | 
j-—++—'ppa he aus 
! Pl 
DAR ! 
1 
f t 
ex 
OE ff 
| 
tcpe— 


tcrE—y—> 


% IF A START BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 


% % IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE. 


92CM- 31877 


Fig. 11 - Mode 0 receiver timing diagram. 
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Fig. 12 ~ Serial data word format. 
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HaRRIS —S+=—_—sCCC@D P18 54/3 
seuisenoveren — CDP1854AC/3 


High Reliability CMOS Programmable Universal 


January 1992 Asynchronous Receiver/Transmitter (UART) 
Features Description 
¢ Two Operating Modes The CDP1854A/3 and CDP1854AC/3 are high reliability silicon gate CMOS 


- Mode 0 - Functionally Compatible Universal Asynchronous Receiver/Transmitter (UART) circuits. They are 
With Industry Types Such as the designed to provide the necessary formatting and control for interfacing 
TR1602A between serial and parallel data. For example, these UARTs can be used to 

- Mode 1 - Interfaces Directly With interface between a peripheral or terminal with serial I/O ports and the 8-bit 
CDP1800 Series Microprocessors CDP 1800-series microprocessor parallel data bus system. The CDP1854A/ 


Without Additional Components 3 is capable of full duplex operation, i.e., simultaneous conversion of serial 
input data to parallel output data and parallel input data to serial output 
e Full or Half-Duplex Operation data. 


¢ Parity, Framing, and Overrun Error The CDP1854A/3 UART can be programmed to operate in one of two 

Detection modes by using the mode contro! input. When the mode input is high 
(MODE = 1), the CDP1854A/3 is directly compatible with the CDP1800 
series microprocessor system without additional interface circuitry. When 
the mode input is low (MODE = 0), the device is functionally compatible with 
industry standard UARTs such as the TR1602A. It is also pin compatible 
with these types, except that pin 2 is used for the mode control input instead 
Of Veg = -12V supply connection. 


The CDP1854A/3 and the CDP1854AC/3 are functionally identical. The 
CDP 1854A/3 has a recommended operating voltage range of 4V to 10.5V, 
and the CDP 1854AC/3 has a recommended operating voltage range of 4V 
to 6.5V. 


The CDP1854A/3 and CDP1854AC/3 are supplied in hermetic 40 lead 
Dual-in-Line Ceramic Packages (D suffix). 


¢ Fully Programmable With Externally 
Selectable Word Length (5-8 Bits), Par- 
ity Inhibit, Even/Odd Parity, and 1, 1°/., 
or 2 Stop Bits 


Pinouts 
40 LEAD DIP (MODE 0) 40 LEAD DIP (MODE 1) 
TOP VIEW TOP VIEW 


NC = NO CONNECT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number | 71 5.4 
Copyright © Harris Corporation 1992 | bes 


Specifications CDP1854A/3, CDP1854AC/3 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vop): 
(All voltages referenced to Vss terminal) 


CEP ISSA S: sein au eccrus Gig me reg dan coda dno iiaeas Mere pte bee eee cat be cid hea na tl pica a oak bia a een eearse -0.5to +11 V 

COPIESAGS ier eis Sos to acne see par pata bas te tou whee ug ataty eS ead Maw heee eo eid eS ew ean Hk Wa rae dare -0.5to+7V 
INPUT VOCTAGE RANGE. ALL INPUTS -3 oes Mecsas uae bade eR eee aed Ae oo oy cae Boe Whale aN Ode Bas -0.5 to Voo +0.5 V 
DCINPUT-CURRENT. ANY ONE INU 2 fis eae ao censla as was kai. ae wea oat othe nn dates Blea aoe pada weed keer oe ude tink +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOL Ta=-90 t0:-100" G. (PACKAGE TYPED) 6 2c%s acqw ah ah Soadidi aw Sepa eee a eee haan ea oP Boeke edie tess 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D) ........... 0c ccc ccc ce cece cc ceeececeeeeneene Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE ........... 0. cc cece cece cece c cence een eeennneeeetetteeenbneteeens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PAGWAGE TYPED 222 pdvasitt essai ayer eng pa ancates avin ind Grid ea ee aived ores a Meee Seto ow a ml a acd os gcat cadet acl ripe le ee liegt -55 to +125°C 
STORAGE TEMPERATORE (sin) “atiauiad pectuie cto era enous Pe hows daly Lave doyeda shone ny Re dedetneg women enlace -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S Max. Lo... cece cence eee e cee teens seuneuaanevnns +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


(V) (V) 
5 


LIMITS 


-55°C, +25°C +125°C UNITS 


CHARACTERISTIC 


Quiescent Device Current, lpp ead 
Output Low Drive (Sink) Current, | : 2 
‘ ee 5. 40.40 
6 
5 0, 10 
5 


0, 

0 0, 

0 ; 

4 0, 

9 
0,5 
0, 10 
0, 
0, 

0 0, 


Output High Drive (Source) Current, lou 


Output Voltage Low-Level, Vo, * 


Output Voltage High-Level, Voy" oe ha 
0.5, 4.5 
Input Low Voltage, Vir 0.5, 9.5 
0.5, 4.5 
Input High Voltage, Vin 0.5, 9.5 
Input Leakage Current, ln La 
3-State Output Leakage Current, lour 


Input Capacitance, Cin" a 
Output Capacitance, Cour’ i ees 


*Guaranteed but not tested 


5 
5 
5 
0, 10 
) 


RECOMMENDED OPERATING CONDITIONS at T, = Full Package Temperature Range 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 
CONDITIONS LIMITS 
CHARACTERISTIC 


DC Operating-Voltage Range 
Input Voltage Range 


Baud Rate (Receive or Transmit) 10 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t} = 15ns, Vi = Vpp, Vit = Vss, CL = 100pF, see Figure 1 


LIMITS : 
CHARACTERISTIC -55°C, +25°C +125°C 


Transmitter Timing — Mode 1 


Clock Period 


Pulse Width: 
Clock Low Level 


Clock High Level 


Propagation Delay Time: 
Clock to Data Start Bit 


TPB to THRE 


Clock to THRE 


Dynamic Electrical Characteristics t,, t} = 15ns, Vii = Vop. Vi = Vsg, CL = 100pF, see Figure 2 
LIMITS 


CHARACTERISTIC | Voo -55°C,+25°C |.  +125°C_ UNITS. 
© [min Max. | 


240 
120 


Receiver Timing — Mode 1 


Pulse Width: 
Clock Low Level 


p=) 
” 


3 
169] 


wn ee) : 


Clock High Level 


=) 
n 


Setup Time: 

Data Start Bit to Clock 
Propagation Delay Time: 

TPB to DATA AVAILABLE 


ca 


Clock to DATA AVAILABLE 


=) 
n 


Clock to Overrun Error 


>] 
n 


Clock to Parity Error 


om) 
Nn 


175 
330 - 


Clock to Framing Error 165 


=) 
n 


5-60 


Specifications CDP1854A/3, CDP1854AC/3 


TRANSMITTER HOLDING * TRANSMITTER SHIFT * * 
REGISTER LOADED REGISTER LOADED 


T CLOCK 4] fis] fie) ft 2] [3] [4 
It 
1 ~~ Loy 
wet be tee pe 
WRITE A 1 
(TPB) isan 
better |) pe—toTH 
OE Nil 
THRE | 


% THE HOLDING REGISTER 1S LOADED ON THE TRAILING EDGE OF TPB. 


%% THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + ttc AFTER THE TRAILING EDGE OF TPB, ANO 
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcp LATER. 


t WRITE 1S THE OVERLAP OF TPB, CSI, AND CS3 «1 AND CS3, RD/ WR: O. 


FIGURE 1. TRANSMITTER TIMING DIAGRAM - MODE 1t 


t 
po SS, clock 7/2 


SAMPLE 
ton fritter 
R CLOCK ‘TleriaPl«e isle! 17 ef lif leflafl4f iss lef iz] lef ls 


->j be toc* 


i 
ae 
SDI | START BIT PARITY | STOP BIT I b 4 
t | 
! 
be-NTDA—w im retcoa 


§ 
en 
1 


i! 

, | 

TPB 1 | 
! 

1 


i tore 
' 

PE | 
tere 
pam 

FE : 


% IF ASTART BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. 
THE START SIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 
% % REAO IS THE OVERLAP OF CSI, CS3, RO/ WR=! AND CS2=0. 
IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE. 


t OF AND PE SHARE TERMINAL IS AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTER. 


FIGURE 2. MODE 1 RECEIVER TIMING DIAGRAM 


Dynamic Electrical Characteristics t,, t} = 15ns, Vij = Vpp, Vi, = Vg, Cy = 100pF, see Figure 3 


LIMITS 
CHARACTERISTIC +125°C 


CPU Interface — WRITE Timing — Mode 1 
Pulse Width 

TPB 
Setup Time: 


RSEL to Write 
Data to Write 


Hold Time: 
RSEL after Write 


Data after Write 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t; = 15ns, Vi4q = Vpp. Vit = Vss: C, = 100pF, see Figure 4 
LIMITS 


CHARACTERISTIC Voo -55°C, +25°C UNITS 


CPU Interface — READ Timing — Mode 1 
ome ea 


Sa ane 
RSEL to TPB 
Hold Time: 
RSEL after TPB 
Propagation Delay Time: 
Read to Data Valid Time 


RSEL to Data Valid Time 


| 
t 
| 


% WRITE IS THE OVERLAP OF TPB, CS1,CS3=! AND CS2, RD/WR=O. 


FIGURE 3. MODE 1 CPU INTERFACE (WRITE) TIMING DIAGRAM 


te! 7] —-» 


I ee es 


12 ———trst——_+4 le—trrs 
1, Se gsi eS esa) CUR viacn De GOSS Sahn Ceara 
let Rspv—e 
RBUSO-_. | 
ee oe ! 
ees Z VY TO ADK... C@({W WW 
SB, WW MMMM 


% READ IS THE OVERLAP OF CSI, CS3, RO/WR=I AND CS2=0. 


FIGURE 4. MODE 1 CPU INTERFACE (READ) TIMING DIAGRAM 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t; = 15ns, V4 = Vpp, Vi_ = Vsg, CL = 100pF, see Figure 5 
LIMITS 


CHARACTERISTIC +125°C 


Interface Timing — Mode 0 
Pulse Width: 
CRL 
Pulse Width: 
MR 
Setup Time: 
Control Word to CRL 
Hold Time: 
Control Word after CRL 
Propagation Delay Time: 
SFD High to SOD 


SFD Low to SOD 


RRD High to Receiver Register 
High Impedance 


RRD Low to Receiver Register Active 


CONTROL INPUT WORD TIMING 


NTROL W 
Neue CONTROL WORD BYTE 
: t 


| ‘ t ; t til 
ee ONG ea 


fii tsececeeee eS et 


en, || Geena 


2) 

5 
<= 
Ee 
a6 
OG 
03 
== 
OCs 
O 
oO 


STATUS OUTPUT TIMING 


MOG 
OUTPUTS ae Cl 


RECEIVER REGISTER DISCONNECT TIMING 


PU a a 
R BUS 7 f 
—I tRROH KE te TRROL-* 


' 
RROD | | 


FIGURE 5. MODE 0 INTERFACE TIMING DIAGRAM 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t} = 15ns, Vij4y = Vpp, Vi, = Vss, CL = 100pF, see Figure 6 
LIMITS 


CHARACTERISTIC -55°C, +25°C UNITS 


Transmitter Timing — Mode 0 


Clock Period 


Pulse Width: 
Clock Low Level 


Clock High Level 


| Setup Time: 
THRL to Clock 


Data to THRL 


Hold Time: 
Data after THRL 


Propagation Delay Time: 
Clock to Data Start Bit 


Clock to THRE 


THRL to THRE 


Clock to TSRE 


i 


La 
cm 
oe 
; ee te 


: 


se Of TRANSMITTER SHIFT 
TRANSMITTER HOLDING REGISTER LOADED 


REGISTER LOADED 


tou! 


! 
| 
t | get 

HR —e 

TTHR jo ed aera el par 
( 
| 
| 


tot —ele—trp Di | 
ee (DATA, i) Te 
T BUS 7 DATA eh ee 
% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL. 
%% THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 


CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD ttTHCAFTER THE TRAILING EDGE OF THRL, AND TRANS- 
MISSION OF A START BIT OCCURS [/2 CLOCK PERIOD + tcp LATER. 


FIGURE 6. MODE 0 TRANSMITTER TIMING DIAGRAM 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t; = 15ns, Vi4 = Vop. Vit = Vss, Cy = 100pF, see Figure 7 


. LIMITS 
ia -55°C, +25°C +125°C UNITS 


“) [min | | Min. | Max._| 
Receiver Timing — Mode 0 
2 2 
; 
; 


CHARACTERISTIC 


5 40 80 
=— [i]s |-l2]-[- 
Pulse Width: 5 05 125 ae 
Clock Low Level 55 65 
35 155 ae 
65 80 
75 90 es 
45 50 
Setup Time: 5 105 130 ae 
Data Start Bit to Clock toc 65 85 
Propagation Delay Time: 
DATA AVAILABLE RESET to ns 
Data Available topa 145 
es. ies | 
ie] 
a 


10 
10 
10 
10 
10 
2 
10 
Clock to Data Valid t ‘ 
aoe 10 195 
10 
10 
3 
10 
10 


Clock High Level tcH 


5 


DATA AVAILABLE RESET too 


24 
130 


0 
175 

Clock to Data Available | tcpa 
155 

170 
135 
135 


Clock to Overrun Error tcoe i 
— 32 
mee 165 


Clock to Parity Error tere 


Br 
eal 
= | ie 
180 
aes 
= ie 
0 


) 
5 
5 
5 
5.) 
5 


Clock to Framing Error tore 


” 
6 
t 
pens CLOCK 7 Ya < = 
Ket SAMPLE CLOCK 742 LOAD HOLDING,REGISTER -- 
tone tter = < 
R CLOCK (Plef ils laf isl lef 7 lof lif lef laf lefisf lef 17] lef ls ns 
{ ot 
| —-toc* 4 OS 
| ro a 
sit START BIT PARITY | STOP BIT | |i Os 
1 | O 
Le+—er—t cov O 
R BUS O- 1 v 
R BUS 7 | 
rot 
oi 
| 
DA 
i) 1 t 
( ! 
p—et+—'ooa I pn eR 
{ 
DAR i | 
i 
| t t —he— 
HH | 
OE if : = 
| 
t 
CPeS= 


PE i _f 


I 
torE—jo—es 
| 
FE { [ 


% IF A START BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 


% % IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE. 


FIGURE 7. MODE 0 RECEIVER TIMING DIAGRAM 
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(CDP1854A/3, CDP1854AC/3 - 


~o| 16 /t cLocK 


NEXT DATA WORD 


BY 5-8 DATA BITS _ je—STOP BITS 
DATA TA 1,1 V2 OR2 
LSB a — PARITY 
BIT 


DA 
MS 


FIGURE 8. SERIAL DATA WORD FORMAT 


ny 


ALL RESISTORS ARE 47x25 20% 


Voo 
CDP1854A/3 1 +125°C | 160 hrs. 
CDP1854AC/3 7 +125°C_| 160 hrs. 


FIGURE 9. BIAS/STATIC BURN-IN CIRCUIT 
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mn - CDP6402 
MARRS CDP6402C 


CMOS Universal Asynchronous 


January 1992 Receiver/Transmitter (UART) 
Features Description 
e Low Power CMOS Circuitry.......... 7.5mW (Typ) at The CDP6402 and CDP6402C are silicon gate CMOS 


3.2MHz (Max Freq.) at Vpp = 5V_ “Universal Asynchronous Receiver/Transmitter (UART) 
circuits for interfacing computers or microprocessors to 


speuaiele asynchronous serial data channels. They are designed to 
- DC to 200K Bits/s (Max) at.............. 5V, 85°C __—s provide the necessary formatting and control for interfacing 

- DC to 400K Bits/s (Max) at.............. 10V, 85°C between serial and parallel data channels. The receiver 
converts serial start, data, parity, and stop bits to parallel 

¢ 4V to 10.5 Operation data verifying proper code transmission, parity and stop bits. 


The transmitter converts parallel data into serial form and 
automatically adds start parity and stop bits. 


Automatic Data Formatting and Status Generation 


Fully Programmable with Externally Selectable Word 


The data word can be 5, 6, 7 or 8 bits in length. Parity may 
Length (5 - 8 Bits), Parity Inhibit, Even/Odd Parity, and setae : 
1 1", i 2 Stop ia i . be odd, even or inhibited. Stop bits can be 1, 1'/, or 2 (when 


transmitting 5 bit code). 


Operating Temperature Range 

pela ae = 55°C to +125°C The CDP6402 and CDP6402C can be used in a wide range 
; ue eS 5 oF 3 of applications including modems, printers, peripherals, 
RDP GROZE, CE ccanieyicetn a eetee: 40°C to +85°C video terminals, remote data acquisition systems, and serial 


Replaces Industry Types IM6402 and HD6402 data links for distributed processing systems. 


The CDP6402 and CDP6402C are functionally identical. 
They differ in that the CDP6402 has a recommended 
operating voltage range of 4V to 10.5V, and the CDP6402C 
has a recommended operating voltage range of 4V to 6.5V. 
Both types are supplied in 40 lead dual-in-line ceramic pack- 


ages (D suffix), and 40 lead dual-in-line plastic packages 2 

(E suffix). «O 

EE 

Sg 

Ordering Information Pinout nS 
CDP6402, CDP6402C O> 

TEMPERATURE TOP VIEW ==> 

RANGE 5V/200K BAUD | 10V/400K BAUD Oo rs 

) 


Plastic DIP -40°C to +85°C 
feoreaocex | 
Ceramic DIP -40°C to +85°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 328 1 
Copyright © Harris Corporation 1992 5-87 


CDP6402, CDP6402C 


TBRS (MSB) TBRI (LSB) 


| 

TRANSMITTER BUFFER REGISTER : 

i TRANSMITTER REGISTER | 
| 

| 


TERL —+—p|TRANSMITTER 
TIMING 


TRC | ae 
CONTROL MULIPLEXER 
| TRO 
CLSI SBS 
CONTROL 
CLS2 , REGISTER EPE 
CRL— PI 
MR | 
| | 
| | 
| RRI 
RRC bas | 
MULTIP 
4 ULTIPLEXER sean. Mt 
om Sage acinnieneaes coo 
RECEIVER REGISTER 
| STOP PARITY | 
| LOGIC LOGIC | 
| se lisa | 
sal | 
THREE | 
| STATE | 
SFD-- aw My \ / \ / \ A BUFFERS ®\ \ / \/ \/ \/ \/ \/ \ / RRD 


DR  O€ TBRE FE PE RBRB (MSB) RBRI(LSB) 


Fig. 1 - Functional Block Diagram 


Specifications CDP6402, CDP6402C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


CD POA? ip sicdn yiareke at nie ano ng Ae aera Wa ee orale Saya e WS wa EG Lee nce ER pon ise TD aa Tea a Re ee ose -0.5 to +11 V 
CD P6402 Gee ny a uiie danstorue Sips ae ae alee are ayset aes an eee de Vuh Geeta WR Sula EUAN ela a Siataave agen -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL.INPUTS 2% 2222 ciox ic dwn taste das ntact Rawsee ed Met 4 a Ses ei pens -0.5 to Vpp +0.5 V 
DG INPUT- CURRENT, ANY - ONE INGUT ».ccc22446ou0vresestawee phtedcaasannvaewen ine ee Sexy aan aie ween haw + 100 vA 
POWER DISSIPATION PER PACKAGE (Pp): 
FOr :As= =40 to: +607 C (PACKAGE VY PE E cect dane ieswws Oconee were eee eee ORE e cae ee eee laniess 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPE E) ........... cece cece eee cence Derate Lineary at 12 mW/°C to 200 mW 
For TA-= "S55 to 100°C (PACKAGE TYPE D) 5 c:i.ciaeck ein chi den One ¥0e 45 oe Saeed ee ase we Owee ees 500 mW 
For TA = + 100 to +125°C (PACKAGE TYPE D) ........... cece cece cece eens Derate Lineary at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............ cece eee e cece eee en eens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPED). cituse sepa oie see Sintec ela eat eG MURed Cate e siete eee tewee Gob aaa lewis -55 to +125°C 
PACKAGE: TVPE Boos vag sik So's wrk aia as wh eal ear a eee Ve aa Oe Niele GWA NEE WAG EGA Una le ees -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tata) ccd sind d edn etees avn cove a theainaw oes eaeae eames wee ties -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 10S MAX. ...... cece cece ce eee ee ee eee eeees +265°C 


OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS | 


CHARACTERISTIC 


LIMITS 
CDP6402C 


CMOS DATA 
COMMUNICATIONS 


Quiescent Device 
Current 


IpDD 
Output Low Drive ; 0.4 0,5 4 
Source) Current 1IOH 9.5 0, 10 10 -1.3 feces ee 

Output Voltage 0,5 5 0.1 U ¢ 
Output Voltage 0, ae 4g 

Input Low 0.5, 4.5 5 U.E U.e 
Notes sy foses| — | wo | — | — bap —| — | — 
nput Hig 0.5, 4 Vnn-2 Nnn-2 

+10-4 | +2 


0 
5 
Current lin Input _} 0, 10 ask = pA 
3-State Output Leakage 0,5 0,5 5 +10-° +1 +10°° +1 
Pp — | = | 5 |75 | ~ | 5 1 75 | 
ce eee eee ee 


°Typical values are for Ta=25°C and nominal Vop. FIOL=IOH=1 WA. 


#Operating current is measured at 200 kHz or Vpp = 5 V and 400 kHz for Vpp = 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 
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~ CDP6402, CDP6402C 


DESCRIPTION OF OPERATION 


Initialization and Controls 


A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets 
the serial output (TRO) High. Timing is generated from the 
clock inputs RRC and TRC at a frequency equal to 16 times 
the serial data bit rate. The RRC and TRC inputs may be 
driven byacommonclock, or may be driven independently 
by two different clocks. The CONTROL REGISTER LOAD 
(CRL) input is strobed to load control bits for PARITY 
INHIBIT (PI), EVEN PARITY ENABLE (EPE), STOP BIT 
SELECTS (SBS), and CHARACTER LENGTH SELECTS 
(CLS1 and CLS2). These inputs may be hand wired to Vss 
or Vpp with CRL to Vpp. When the initialization is 
completed, the UART is ready for receiver and/or transmitter 
operations. 


Transmitter Operation 


The transmitter section accepts parallel data, formats it, 
and transmits it in serial form (Fig. 2) on the TRO terminal. 


5-8 DATA BITS 
START BIT 


ia F ENABLED 


92CS- 34554 


Fig. 2 - Serial data format. 


Transmitter timing is shown in Fig. 3. (A) Data is loaded into 
the transmitter buffer register from the inputs TBR1 through 
TBR8 by a logic low on the TBRL input. Valid data must be 
present at least toy prior to, and tTp following, the rising 
edge of TBRL. If words less than 8 bits are used, only the 
least significant bits are used. The character is right 
justified into the least significant bit, TBR1. (B) The rising 
edge of TBRL clears TBRE. “to 1%cycles later, depending 
on when the TBRL pulse occurs with respect to TRC, datais 
transferred to the transmitter register and TRE is cleared. 
TBRE is set to a logic High one cycle after that. 


Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on TBRL loads data into 
the transmitter buffer register. Data transfer to the 
transmitter register is delayed until transmission of the 
current character is complete. (D) Data is automatically 
transferred to the transmitter register and transmission of 
that character begins. 


TBRL 


TBRE 


1/2 
CLOCK 


TRE 
TRO 
END OF 
A B Cc D ST 
STOP 
BIT 


: » 92CS-38054R!1 
Fig. 3 - Transmitter timing waveforms. 


1,l-172 OR 2 STOP BITS 


\ | : 
rss] | fof ff pusep a} pt 
PARITY 


Receiver Operation 


Data is received in serial form at the RRI input. When no 
data is being received, RRI input must remain high. The 
data is clocked through the RRC. The clock rate is 16 times 
the data rate. Receiver timing is shown in Fig. 4. 


81/2 T0 91/2 


BEGINNING OF FIRST STOP BIT =| CLOCK CYCLES 


RR! DATA 


SS 
— 


FE,PE ee eneicer nanan aD 
1/2 CLOCK 
A 5 c CYCLE 


92CS8-34559R2 
Fig. 4 - Receiver timing waveforms. 


(A) A low level on DRR clears the DR line. (B) During the 
first stop bit data is transferred from the receiver register to 
the RBRegister. If the word is less than 8 bits, the unused 
most significant bits will be a logic low. The output 
character is right justified to the least significant bit RBR1.A 
logic high on OE indicates overruns. An overrun occurs 
when DR has not been cleared before the present character 
was transferred to the RBR. (C) 1/2 clock cycle later DR is 
set to a logic high and FE is evaluated. A logic high on FE 
indicates an invalid stop bit was received. A logic high on 
PE indicates a parity error. 


Start Bit Detection 


The receiver uses a 16X clock for timing (Fig. 5). The start 
bit could have occurred as much as one clock cycle before it 
was detected, as indicated by the shaded portion. The 
center of the start bit is defined as clock count 7 1/2. If the 
receiver clock is a symmetrical square wave, the center of 
the start bit will be located within +1/2 clock cycle, +1/32 bit 
or+3.125%. The receiver begins searching for the next start 
bit at 9 clocks into the first stop bit. 


COUNT 7 (/2 
DEFINED CENTER 
OF START BIT 


CLOCK 


RRI INPUT CG START 
| lg——7 1/2. cLock 
7 CYCLES 
8 /2 CLOCK 
CYCLES 
92CS~34558 


Fig. 5 - Start bit timing waveforms. 
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CDP6402, CDP6402C 


Table | - Control Word Function 


a ae DATA BITS PARITY BIT TOP BIT Ss 


TITITITIrerrererere prt rTrTirterrecrce 
5 Ge Ge ae aad Cae se QS A reel coer epee ceed EMS CEE el anc) a ees WG CES a a | 
xx DIeexxtierxxtiIeexxiire| 


X = Don't Care 
Table I! - Function Pin Definition 


ere SYMBOL DESCRIPTION 


Positive Power Supply 

No Connection 

Ground (Vss) 

A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register ouputs RBR1-RBRB to a high 
impedance state. 

The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs. Word formats less than 8 
characters are right justified to RBR1. 


See Pin 5 - RBR8 


A high level on PARITY ERROR 
indicates that the received parity does 
not match parity programmed by control 
bits. The output is active until parity 
matches on a succeeding character. 
When parity is inhibited, this output 
is low. 

A high level on FRAMING ERROR 
indicates the’first stop bit was invalid. 
FE will stay active until the next valid 
character's stop bit is received. 
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Ler e Lee araLer rear LP ae ie ® 


DWODDWDDMDANNNNNNDMDADAMDMDMHOAAAAAIMH 


ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 
ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 
ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 
ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 


—_ 
oo Vary 
Nn 


—_A 
NAM AN AN ANAND AN AN AN AY A, 


ein SYMBOL DESCRIPTION 


A high level on OVERRUN ERROR 


indicates the data received flag was not 


cleared before the last character was 
transferred to the receiver buffer 
register. The Error is reset at the next 
character’s stop bit if DRR has been 
performed (i.e., DRR; active low). 

A high level on STATUS FLAGS 
DISABLE forces the outputs PE, FE, OE, 
DR, TBRE to a high impedance state. 
The RECEIVER REGISTER CLOCK is 
16X the receiver data rate. 


A low level on DATA RECEIVED RESET } 


clears the data received output (DR), to 
a low level. 

A high level on DATA RECEIVED 
indicates a character has been received 
and transferred to the receiver buffer 
register. 

Serial data on RECEIVER REGISTER 
INPUT is clocked into the receiver 
register. 

A high level on MASTER RESET (MR) 
Clears PE, FE, OE and DR, and sets TRE, 


i TBRE, and TRO. TRE is actually set on 


the first rising edge of TRC after MR 
goes high. MR should be strobed after 
power-up. 

A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the 
transmitter buffer register has 
transferred its data to the transmitter 
register and is ready for new data. 


CMOS DATA 
COMMUNICATIONS 


CDP6402, CDP6402C 


Table Il - Function Pin Definition (Cont'd) 


[rm [evweos] oescnion 


| A low level on TRANSMITTER BUFFER 
REGISTER LOAD transfers data from 
inputs TBR1-TBR8® into the transmitter 
buffer register. A low to high transition 
on TBRL requests data transfer to the 
transmitter register. If the transmitter 
register is busy, transfer is automatically 
delayed so that the two characters are 
transmitted end to end. 

A high level on TRANSMITTER 
REGISTER EMPTY indicates completed 
transmission of a character including 
stop bits. 

Character data, start data and stop bits 
appear serially at the TRANSMITTER 
REGISTER OUTPUT. 

Character data is loaded into the 
TRANSMITTER BUFFER REGISTER via 
inputs TBR1-TBR8. For character 
formats less than 8-bits, the TBR8, 7, 
and 6 Inputs are ignored corresponding 
to the programmed word length. 


See Pin 26 - TBR1 
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jem | SYMBOL DESCRIPTION 


A high level on CONTROL REGISTER 
LOAD loads the control register. 

A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low. 

A high level on STOP BIT SELECT 
selects 1.5 stop bits for a 5 character 
format and 2 stop bits for other lengths. 
These inputs program the CHARACTER 
LENGTH SELECTED. (CLS1 low CLS2 
low 5-bits) (CLS1 high CLS2 low 6-bits) 
(CLS1 low CLS2 high 7-bits) (CLS1 high 
CLS2 high 8-bits). 

See Pin 37 - CLS2 

When PI is low, a high level on EVEN 
PARITY ENABLE generates and checks 
even parity. A low level selects odd 
parity. 

The TRANSMITTER REGISTER 
CLOCK is 16X the transmit data rate. 


“See Table | (Control Word Function) 


Specifications CDP6402, CDP6402C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpn + 5%, try, ty = 20 ns, 
Vix = 0.7 Vop; Vit = 0-3 Vpp, CL = 100 pF 


CDP6402 COP6402C 


CHARACTERISTIC Tf 


System Timing (See Fig. 6) 


Minimum Pulse Width: 5 150 
CRL 


Minimum Setup Time 
Control Word to CRL 


Minimum Hold Time 
Control Word after CRL 


Propagation Delay Time 
SFD High to SOD 100 150 — 


L t 5 130 200 130 
RRD High to Receiver Register : 5 80 150 150 
High Impedance tRRDH 10 40 70 = 
RRD Low to Receiver Register 5 80 150 150 
Active tRRDL 10 40 70 
Minimum Pulse Width: 200 400 200 
MR 


*Typical values for Ta = 25°C and nominal Vpp. 


AMaximum limits of minimum characteristics are the values above which all devices function. 
TAIl measurements are made at the 50% point of the transition except tri-state measurements. 


CONTROL INPUT WORD TIMING 


CONTROL WORD 


INPUT CONTROL WORD BYTE 


CRL 


STATUS 
OUTPUTS 


92CM - 38055 


Fig. 6 - System timing waveforms. 
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Specifications CDP6402, CDP6402C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, ty, tf = 20 ns, 
Vir = 0.7 Vop; Vit = 0.3 Vpp, Cz. = 100 pF | 7 


LIMITS | 


+ | CDP6402 CDP6402C 
CHARACTERISTIC UNITS 
L type | max4| type | Max4 | 


(isl elo 
10 125 155 — 
: 5 100 125 125 
10 75 100 — 
5 100 125 100 125 
10 75 100 =e — 
a) 80 200 
10 40 100 | 
5 175 275 175 275 
10 90 150 = — 
5 50 20 50 
10 40 = is 
60 40 60 


Transmitter Timing (See Fig. 7) 


Minimum Clock Period (TRC) 


Minimum Pulse Width: 
Clock Low Level 


Clock High Level 


Minimum Setup Time: 
TBRL to Clock 


DatatoTBRL « toT 

Minimum Hold Time: 5 

Data after TBRL iw tTD 10 

Propagation Delay Time: 5 

Clock to Data Start Bit tcp 10 
Clock to TBRE tet 

5 

10 

5 

10 


40 
20 30 _ — 


TBRL to TBRE tTTHR 


Clock to TRE tTTS 


*Typical values for Ta = 25°C and nominal Vpp. 


AMaximum limits of minimum characteristics are the values above which all devices function. 


TAI! measurements are made at the 50% point of the transition except tri-state measurements. 
x 


x TRANSMITTER SHIFT 
TRANSMITTER BUFFER REGISTER LOADED 
REGISTER LOADED 


| 
~~ tTHTH- = e—top 
i 


trrHe Leet a be—tey ; 


TBRE = 
e— trTs | 


TRE 
| 
I 
Sa sel a 
T BUS 0- 1 
T BUS7 DATA ? 


% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TORL 920M-34556 


% % THE TRANSMITTER SHIFT REGISTER,IF EMPTY,IS LOADED ON THE FIRST HIGH- TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS ATLEAST I/2 CLOCK PERIOD +tTHc AFTER THE TRAILING EDGE OF TBRL AND 
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcp LATER 


Fig. 7 - Transmitter timing. waveforms. 
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Specifications CDP6402, CDP6402C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vop + 5%, ty, te = 20 ns, 
Vint = 0.7 Vop; Vit = 0.3 Vop, Cz = 100 pF 


| ITS 
CDP6402 CDP6402C 
CHARACTERISTIC Tt 


tyes | max4 | toe | med] 


Clock Low Level 
Clock High Level 


DATA RECEIVED RESET 
Data Start Bit to Gicck 50 
Propagation Delay Time: 
DATA RECEIVED RESET to toDA ee 
Data Received 
Clock to Data Valid CDV ree 17 
han to DR 
ebA aaron — ef 175 


*Typical values for Ta = 25°C and nominal Vpp. 


” 
=< 
AMaximum limits of minimum characteristics are the values above which all devices function. Pao) 
TAIl measurements are made at the 50% point of the transition except tri-state measurements. Ee E 
QA0 
res z 
‘ec oe CLOCK 71/2 LOAD = = 
HOLDING REGISTER 
'CH ToL Os 
RRC (Merisrisepismem7re pen itmemsmemsmem7menis O 
nal jt oc * O 
ais START BIT PARITY Pe t 
? 
R BUS O “cov 
, DATA 
R BUS 7 ae 
DR 


Ea Le DDA a le toa 


as [aay 
ay oe 'COE = 
"x [a] 8) 
OE 
'CPE le 
PE 
'CFE — 
Ss ' 555 
w- 
*% 92c 34 


iF ASTART BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH-TO-LOW TRANSITION 
OF THE CLOCK, THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO- 
LOW TRANSITION OF THE CLOCK. THE START BIT MAY BE COMPLETELY ASYNCHRONOUS 
WITH THE CLOCK. 


ee ig A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING 


REGISTER BY THE TIME A NEW WORD iS LOADED INTO THE RECEIVER HOLDING 
REGISTER, THE OE SIGNAL WILL COME TRUE. 


Fig. 8 - Receiver timing waveforms. 
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Features | 
¢ HD-4702 Provides 13 Commonly Used Bit Rates _ 


e Uses a 2.4576MHz Crystal/input for Standard 
Frequency Output (16 Times Bit Rate) 


¢ Low Power Dissipation 
Conforms to EIA RS-404 


e One HD-4702 Controls up to Eight Transmission 
_ Channels 


Initialization Circuit 
isolation 


On-Chip Input Pull-Up Circuit 


Facilitates Diagnostic Fault 


Ordering Information 


PACKAGE TEMP. RANGE ORDER CODE 
“Plastic DIP “40°C t to 485°C ‘HD3- 4702-9 


‘Caanie DIP “40°C: to 485°C | HD1-4702 9 


*/883 -55°C to +125°C HDA -4702/883 


SMD# Pending 


Leaded Chip -40°C to +85°C 


Carrier 


HD4-4702-9 


55°C to 6 +125°C HD4-4702-8 


Respective /883 Snscilications are sincliidea's at the end of this data 
sheet 


Truth Tables 


TRUTH TABLE FOR RATE SELECT INPUTS 
(Using 2.4576MHz Crystal) 


Css] s2 | st | 80 | ourPutaate@ 


“MUX input (IM) 
MUX Input (IM) 
50 Baud 

75 Baud 

134.5 Baud 
200 Baud 

600 Baud 
2400 Baud 
9600 Baud 
4800 Baud 
1800 Baud 
1200 Baud 
2400 Baud 
300 Baud 

150 Baud 

110 Baud 


Girrrerrererrrrirreres 
TIC e Lael ee eee 
Bere Er rr rer ro Icey 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


NOTE: 19200 Baud by connecting Q2 to IM 


CAUTION: These devices are sensitive to electrostatic E aiacheree Users should follow proper I.C. ending Procedures. 
Copyright © Harris Corporation 1992 


CMOS Programmable Bit Rate Generator 


Description 


The HD-4702 Bit Rate Generator provides the necessary 
clock signals for digital data transmission systems, such as a 
UART. It generates 13 commonly used bit rates using an on- 
chip crystal oscillator or an external input. For conventional 
operation generating 16 output clock pulses per bit period, 
the input clock frequency must be 2.4576MHz (i.e. 9600 
Baud x 16 x16, since there is an internal + 16 prescaler). A 
lower input frequency will result in a. a lower 
output frequency. 


The HD-4702 can provide multi-channel operation with a 
minimum of external logic by having the clock frequency CO 
and the + 8 prescaler outputs QO, Q1, Q2 available 
externally. All signals have a 50% duty cycle except 1800 
Baud, which has less than 0.39% distortion. 


The four rate select inputs (SO-S3) select which bit rate is at 
the output (Z). See Truth Table for Rate Select Inputs for 
select code and output bit rate. Two of the 16 select codes 
for the HD-4702 do not select an internally generated 
frequency, but select an input into which the user can feed 
either a different frequency, or a static level (High or Low) to 
generate “ZERO BAUD”. 


The bit rates most commonly used in modern data terminals 
(110, 150, 300, 1200, 2400 Baud) require that no more than 
one input be grounded for the HD-4702, which is easily 
achieved with a single 5-position switch. 


The HD-4702 has an initialization circuit which generates a 
master reset for the scan counter. This signal is derived from 
a digital differentiator that senses the first high_level on the 
CP input after the ECP input goes low. When ECP is high, 
selecting the crystal input, CP must be low. A high level on 
CP would apply a continuous reset. See Clock Modes and 
Initialization below. 


Pinout 


16 LEAD DIP 
TOP VIEW 
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CLOCK MODES AND INITIALIZATION NOTE: Actual output frequency is 16 times the indicated 


Output Rate, assuming a clock frequency of 
pH tI locked trom tx H = HIGH Level 
Clocked from CP L = LOW Level 
rea Act i LIL. = Clock Pulse 
NOTE: Actual output frequency is 16 times the indicated Output Rate, assum- _JT7L = 1st HIGH Level Clock Pulse after ECP 
ing a clock frequency of 2.4576MHz. goes LOW 


Pin Description 


Voc: Is the +5V power supply pin. A 0.1mF capacitor between pins 1 6 and 8 is 
recommended for decoupling 


EXTERNAL CLOCK INPUT 


Ean EXTERNAL CLOCK ENABLE: A low signal on this input allows the baud rate to be 
generated from the CP input. 


CRYSTAL INPUT 


MULTIPLEXED INPUT 
BAUD RATE SELECT INPUTS 


| Ox | CRYSTAL DRIVE OUTPUT 


Block Diagram 
[re as a “7] ane aioe A RN SO een ripe ke yg 
| P OSCILLATOR | | SCAN 
; CIRCUIT | | COUNTER 
| 
Oya 
I z 
@) Ox te a J 
(4) Ece i) 
oe aaa 
f 
| > ae 
pee ihe 
| [Sue 2 aa Be. z 
OMA 
| 0 { 
INITIALIZATION iy a cP + 16/3 0 fee 
ERR dol ae ee J "MR 
vy. i 
eee | 
VV VIVY ee ae 
Vop = PIN 16 
Veg = PIN 8 


= PINNUMBER 
* See Figure 4 in Design Information for @) O23) 
Crystal Specifications. 


ee ee ce ee cree ee re ee ee ee ee Oe et ee one ee me tet ome ee ee 


m7) 
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HD-4702 


Application Information Other bit rate combinations can be generated by changing 
the Scan Counter to Selector interconnection or by inserting 
Single Channel Bit Rate Generator logic gates into this path. 


Figure 1 shows the simplest application of the HD-4702. 
This circuit generates one of five possible bit rates as 
determined by the setting of a single pole, 5-position switch. 
The Bit Rate Output (Z) drives one standard TTL load or four 
low power Schottky loads over the full temperature range. 
The possible output frequencies correspond to 110, 150, 
300, 1200, and 2400 Baud. For many low cost terminals, 
these five bit rates are adequate. 


Iu So Sy Sq Ss 


\/ 
S6pF HD-4702 


S6pF 


x Co A @ @ Z 


a ie: Ge 
ee Gaerne 
D 


1° 2.4576 MHz 
SPST SWITCH CRYSTAL 


pe E 9334 
A2 CL QO Q1 G2 03 Q4 Q5 6 Q7 


S; S283 


Iu So 


HD-4702 


1800 
2400 


ef 


FIGURE 2. BIT RATE GENERATOR CONFIGURATION WITH 
EIGHT SIMULTANEOUS FREQUENCIES. 


* See Figure 4 


%X Cy A a, Q@ Z 


2.4576 MHz 
CRYSTAL 


OUTPUT 


See Figure 4 


[__swronrcaron | vomaarmnre | 
a 
es 


19200 Baud Operation 


Though a 19200 Baud signal is not internally routed to the 
multiplexer, the HD-4702 can be used to generate this bit 
rate by connecting the Q, output to IM input and applying 
select code. An additional 2-input NOR gate can be used to 
retain the “Zero Baud” feature on select code 1 for the 
HD-4702 (See Figure 3). : 


FIGURE 1. SWITCH SELECTABLE BIT RATE GENERATOR 
CONFIGURATION PROVIDING FIVE BIT RATES. 


Im So Sy SQ S83 


Simultaneous Generation of Several Bit Rates 


Figure 2 shows a simple scheme that generates eight bit sépF V 

rates on eight output lines, using one HD-4702 and one 

93L34 Bit Addressable Latch. This and the following 56pF a 
applications take advantage of the built-in scan counter 

(prescaler) outputs. As shown in the block diagram, these roth Miz 


outputs (Qo to Qz) go through a complete sequence of eight 
states for every half-period of the highest output frequency 
(9600 Baud). Feeding these Scan Counter Outputs back to 
the Select Inputs of the multiplexer causes the HD-4702 to FIGURE 3. FIGURE 3. 19200 BAUD OPERATION 
interrogate sequentially eight different frequency signals. * See Figure 4 


The 93L34 8-bit addressable Latch, addressed by the same 
Scan Counter Outputs, re-converts the multiplexed single TYPICAL CRYSTAL SPEC 
Output (Z) of the HD-4702 into eight Parallel output 9.4576MHz “AT” Cut 
frequency signals. In the simple scheme of Figure 2, input S3 
is left open (HIGH) and the following bit rates are generated: | Series Resistance (Max) a 
6008 in 
Load Capacitance | 32pF +0.5 


FIGURE 4. CRYSTAL SPECIFICATIONS 


OUTPUT 


Q0: 110 Baud Q1: 9600 Baud Q2: 4800 Baud 
Q3: 1800 Baud Q4: 1200 Baud Q5: 2400 Baud 


Q6: 300 Baud Q7: 150 Baud 
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Specifications HD-4702 


Absolute Maximum Ratings 


SUDDIY VOAdC Hass tere ees Sueur eegwellann eaaasats +8.0V 
Input, Output or I/O Voltage ............. GND-0.5V to Vec+0.5V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0.2... ccc ce eee eens +175°C 
Lead Temperature (Soldering 10s)............000eeeee +300°C 
ESD Classification: .so:.606 5 she ii sea iN oo ae eG ees ewes Class 1 
Typical Derating Factor............ 1mA/MHz Increase in ICCOP 


Reliability Information 
Thermal Resistance 8; Bic 


Ceramic DIP Package............. 17.1°C/W75.7°C/IW 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package... ...... cece eee eee nee 660mW 
Gale Count accused cc nGecave sear eee et et tases 720 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..................66. +4.5V to +5.5V 


SYMBOL PARAMETER 


Vv Input High Voltage 


Voc 70% 


tH 
Vit Input Low Voltage 


Output High Voltage Voc-0.1 
Output Low Voltage 
Input High Current 


input Low Current -1 
(Ix Input) | 


Input Low Current 
(All Other Inputs) 
Output High Current 
(Ox) 

Output High Current 
(All Other Outputs) 


Output High Current 
(All Other Outputs) 


Output Low Current 
(Ox) 

Output Low Current 
(All Other Outputs) 


Supply Current 
(Static) 


1. Interchanging of force and sense conditions is permitted. 


O47 0298 oi oa ears on ah oon ele we RG e wane -40°C to +85°C 


TEST CONDITIONS 


Voc = 4.5V 


low < -1p1A, Vec = 4.5V, (Note 1) 
lo. S +1pA, Voc = 4.5V, (Note 1) 
Vin = Vec. All Other Pins = OV, Voc = 5.5V 


Vin = OV, All Other Pins = Veo: Vcc = 5.5V 


Vin = OV, All Other Pins = Voc, Voc = 5.5V 
(Note 2) 


Vout = Vec - 0.5, Voc = 4.5V, Input at OV or Voc per 
Logic Function or Truth Table 


Vout = 2-5V, Voc = 4.5V, Input at OV or Veg per 
Logic Function or Truth Table 


Vout = Voc -0.5, Vec = 4.5V, Input at OV or Voc per 
Logic Function or Truth Table 


Eop = Voc, CP = OV, Veg = 5.5V, 
All Other Inputs = GND, (Note 2). 
Ecp = Vcc, CP = OV, Voc = 5.5V, 
All Other Inputs = Veco, (Note 2). 


2. Input Current and Quiescent Power Supply Current are relatively 
higher for this device because of active pull-up circuits on all 
inputs except ly. 
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HD-4702 


AC Electrical Specifications V., = _5V+ + 10%, ve = -40°C to +85°C (HD-4702-9), T, = -55°C to +125°C (HD-4702-8) 


TEST 


A.C. PARAMETER CONDITIONS 


Propagation Delay, !, to CO 


Propagation Delay, CP to CO 


p MAX 
a _| 
= 
= 


Propagation Delay, CO to Qn 


Propagation Delay, CO to Z | 


Voc = 4.5V 
C. s 7pF on Oy 
CL = 50pF 
(Note 1) 


Output Transition Time (Except Ox) - 


= 


twop(H)- Minimum ly Pulse Width, High (Note 4) ee 


teLy Propagation Delay |, to CO 
teHL 
teLy Propagation Delay CP to CO 
tPHL 
teLy \ propagation Delay CO to Qn eae 
teHL Gen 
tery Propagation Delay CO to Z ae. | 
tepHe 8 
trLH Output Transition Time (Except O,) a 
NOTES: 
1. Propagation Delays (tp. and tpy,) and Output Transition Times 3. The first High Level Clock Pulse after Eés goes Low must be at 
(try and try4,) will change with Output Load Capacitance (C,). least 350ns long to guarantee reset of all Counters. 


Setup Times (t,), Hold Times (t,), and Minimum Pulse Widths 
(t,) do not vary with load capacitance. 

2. For multichannel operation, Propagation Delay (CO to Qn) plus 
Set-Up Time, Select to CO, is guaranteed to be < 367ns. 


4. Itis recommended that input rise and fall times to the clock inputs 
(CP, ly) be less than 15ns. 
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Capacitance T, = +25°C; Frequency = 1MHz 


Input Capacitance All measurements are referenced the 
device GND 


Switching Waveforms 


tw(H) tw(L) 
50% 50% 50% 
CPA 


50% 


co 


te th 


WH SK 50% DK. GG ,NWWWV 


NOTE: Set-Up and Hold Times are shown as positive values but may be specified as negative values. 


AC Testing Input, Output Waveform 


” 

z 

«2 

EE 

INPUT OUTPUT a a 
Vin Vou nz 
50% 50% O> 

Vit Vo. re = 
O 

© 


NOTE: AC Testing: All input signals must switch between V; and Vj. Input rise and fall times are driven at insec per volt. 
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Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1. 2. 1. 


® HD-4702/883 Provides 13 Commonly Used Bit Rates 

e Uses a 2.4576MHz Crystal/Input for Standard 
Frequency Output (16 Times Bit Rate) 

© Low Power Dissipation 


¢ Conforms to EIA RS-404 
® One HD-4702/883 Controls up to Eight Transmission 
Channels 


¢ Initialization Circuit Facilitates Diagnostic Fault 
Isolation 


® On-Chip Input Pull-Up Circuit 
Description 


The HD-4702/883 Bit Rate Generator provides the 
necessary clock signals for digital data transmission 
systems, such as a UART. It generates 13 commonly used 
bit rates using an on-chip crystal oscillator or an external 
input. For conventional operation generating 16 output 
clock pulses per bit period, the input clock frequency must 
be 2.4576MHz (i.e. 9600 Baud x 16 x16, since there is an 
internal + 16 prescaler). A lower input frequency will result 
in a proportionally lower output frequency. 


The HD-4702/883 can provide multi-channel operation 
with a minimum of external logic by having the clock 
frequency CO and the + 8 prescaler outputs Qo, Q1, Qo 
available externally. All signals have a 50% duty cycle 
except 1800 Baud, which has less than 0.39% distortion. 


The four rate select inputs (Sg~-S3) select which bit rate is at 
the output (Z). See Truth Table for Rate Select Inputs for 


HD-4702/883 


CMOS Programmable Bit Rate Generator 


Pinout — 


HD1-4702/883 (CERAMIC DIP) 
TOP VIEW 


select code and output bit rate. Two of the 16 select codes 
for the HD-4702/883 do not select an internally generated 
frequency, but select an input into which the user can feed 
either a different frequency, or a static level (High or Low) to 
generate “ZERO BAUD”. 


The bit rates most commonly used in modern data terminals 
(110, 150, 300, 1200, 2400 Baud) require that no more than 
one input be grounded for the HD-4702/883, which is 
easily achieved with a single 5-position switch. 


The HD-4702/883 has an initialization circuit which 
generates a master reset for the scan counter. This signal is 
derived from a digital differentiator that senses the first high 
level on the CP input after the Ecp input goes low. When 
Ecp is high, selecting the crystal input, CP must be low. A 
high level on CP would apply a continuous reset. See Clock 
Modes and Initialization below. 


Truth Tables 
TRUTH TABLE FOR RATE SELECT INPUTS 
(Using 2.4576MHz Crystal) 


OUTPUT 
RATE (Z) 


MUX Input (I) 
MUX Input (Inq) 
50 Baud 

75 Baud 

134.5 Baud 
200 Baud 

600 Baud 
2400 Baud 
9600 Baud 
4800 Baud 
1800 Baud 
1200 Baud 
2400 Baud 
300 Baud 

150 Baud 

110 Baud 


19200 Baud by connecting Qo to Iny 


PILI ere cree 
Leeiecr re Leister eer 
Eatrra cer street 
iPtere re Peer ie 


NOTE. 
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CLOCK MODES AND INITIALIZATION 


PS i ig H L Clocked from lx 
X L | JSUL 
xX H H 
X L pes east 


Clocked from CP 
Continuous Reset 

NOTE: Actual output frequency is 16 times the indicated Output Rate, 

assuming a clock frequency of 2.4576MHz. 


Reset During 1st CP = High Time 


H = HIGH Level 
L = LOW Level 
X = Don’t Care 


TLL 
oo ae a 


= Clock Pulse 


= 1st HIGH Level Clock 
Pulse after Ecp goes LOW 


File Number 
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Specifications HD-4702/883 


Absolute Maximum Ratings Reliability Information 

DUDDIY VOllIAGE tes cat tAaa el eee iw goed tenets avay +8.0V Thermal Resistance, Junction-to-Case (jc) 

Input, Output or Ceramic DIP Package ....... 0.00. ccc e cece ee eeee +17.19C/W 
I/O Voltage Applied ................ GND -0.5VtoVcc +0.5V Thermal Resistance, Junction-to-Ambient (Oia) 

Storage Temperature Range ................. -65°C to +150°C Ceramic DIP Package ........0.cc ccc e cece eeeaees +75.79C/W 

Junction Temperature ichigo Maile veh tyr “anralevia’ fe aba tolysl g-VeNace ONG ecb ueyers eens +175°9C Maximum Package Power Dissipation @ +1259C 

Lead Temperature (Soldering, 10 Seconds) ............. +300°C Ceramic DIP Package -+ +++ er sects teste eect teens 66O0mW 

ESD: ClassitiGauon..334 crises twain cateeweredede Class) “Gate Count 2.c5 c.de aateetie angie tise neeaie weakest 720 

Typical Derating Factor ............ 1mA/MHz Increase in ICCOP 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and 
operation of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Operating Conditions 


Operating Voltage Range .............00 ce ee eee +4.5V to +5.5V 
Operating Temperature Range ............... -559C to +1259C 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 
GROUPA 


LIMITS 
D.C. PARAMETERS| SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | MIN | MAX | UNITS 


fnutrionvowoe | vm _[wcones dt _| sro ctazvrasto | vooron] |v 


< 


= 


Input High Current Vin = Voc. All Other Pins = OV, Vcc = 5.5V -§5°C < Ta < +1259C 


Input Low Current LX VIN = OV, All Other Pins = Vcc, 122,38 -§5°C <Ta < +1259C 
(IX Input) Voc = 5.5V 

Input Low Current HL VIN = OV, All Other Pins = Voc, Voc = 5.5V 2, -55°C <Ta < +125°C 
(Ail Other Inputs) (Note 2) 


2,3 
Output High Current} IOHX | Vout =Vcc-0.5.Vcc = 4.5V 1,2,3 ~55°C < Ta < +1259C 
(OX) input at OV or Vcc per Logic Function 
or Truth Table 
1OH1 | Vout = 2-5V, Voc = 4.5V 12,3 -§5°C < Ta < +125°C 
Input at OV or Voc per Logic Function 
or Truth Table 
,2,3 
2,3 
2,3 
1,2,3 


-1 
-1 


—_ 


& 


S 


Output High Current 
(All Other Outputs) 


~” 

5 
<= 
ri 
4 
OG 
o9 
os 
== 
oS 
‘o) 
© 


3 
S 


Output High Current 
(All Other Outputs) 


-559C < Ta < +125°9C 


S 


Output Low Current 
(OX) 


-55°C < Ta, < +1259C 


1 
1 
lIOH2 =| Vout = Voc -0.5, Vcc = 4.5V 1 
Input at OV or Voc per Logic Function 
or Truth Table 
IOLX VouT = 0.4V, Voc = 4.5V 1,2, 
Input at OV or Vcc per Logic Function 
or Truth Table 


_ 
o 


Output Low Current 
(All Other Outputs) 


.: 


IOL Vout = 0.4V, Voc = 4.5V 
Input at OV or Vcc per Logic Function 
or Truth Table 


-559C < Ta < +125°C 


Ecp =Vcc. CP = OV, Vcc = 5.5V 1500 
All Other Inputs = GND, (Note 2) 
Ecp = Vcc, CP = OV, Vcc = 5.5V 


All Other Inputs = Vcc, (Note 2) 


Supply Current 
(Static) 


-559C < Ty < +125°C 


1000 


< 

ro) 8 
>) ro 
& 


fo) } a } 
= oo } = 


2. Input Current and Quiescent Power Supply Current are relatively higher for this device because of active 
pull-up circuits on all inputs except ly. 


NOTES: 


1. Interchanging of force and sense conditions is permitted. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HD-4702/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested. 


| GROUP A 
SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE 


9,10, 11 -559C <Ta <+125°9C 
9,10, 11 ~559C < Ta <+125°9C 


A.C. PARAMETERS 


tPLH 


= 


ale 


Propagation Delay, lx to CO 3 
2 
Propagation Delay, CP to CO 


9, 10, 11 -5590C < Tp < +125°9C 
9,10, 11 -559C <Ta < +1259C 


— 


Propagation Delay, CO to Qn 


2 
©) 


9,10,11 |-55°C <Ta <+125°C 
9,10,11 |-55°C <Ta <+1250C 


Zz 
eo] 
ps 
oO 
ft 


tPLH 9,10, 11 -~559C < Ta <+1259C 


Propagation Delay, CO to Z 


ala 


7 
160 
7 


Output Transition Time 
(Except Ox) 


Set-Up Time, Select to CO a (Note 1) 


9, 10, 11 -559C < Ta < +1259C 


9, 10, 11 -55°C <Ta <+125°9C 
9,10, 11 -559C <Ta < +1259C 
9, 10, 11 -550C <Tap < +1259C 


9, 10, 11 -559C <Ta < +1259C 


1. Propagation Delays (tPLH and tPHL) and Output Transition Times (tTLH and tTHL) will change with Output Load Capacitance (CL). Set-up Times (ts), Hold 
Times (th), and Minimum Pulse Widths (tw) do not vary with load capacitance. 


tTLH CL <7pF on Ox 9, 10, 11 -559C <Ta < +1259C 
th 
Hold Time, Ihy4 to CO th 


Minimum Clock Pulse Width, twCP(L) 
Low (Notes 3, 4) 


tPHL 


tPHL Voc = 4.5V 9,10,11 |-55°C <Ta <+125°C 


3 
3 
1 
twCP(H) 1 
1 


Minimum Ix Pulse Width, High twCP(H) 
(Note 4) . 


50 
50 
20 
20 
60 
160 


2. For multichannel operation, Propagation Delay (CO to Qn) plus Set-Up Time, Select to CO, is guaranteed to be < 367ns. 
3. The first High Level Clock Pluse after Ecp goes Low must be at least 350ns long to guarantee reset of all Counters. 


4. It is recommended that input rise and fall times to the clock inputs (CP, lx) be less than 15ns. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications HD-4702/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
A.C. PARAMETERS |SYMBOL CONDITIONS NOTES TEMPERATURE Soin | MAX. | UNITS 


All Measurements are referenced | 4 | otastesec [| 
Propagation Delay tPLH | 1,3 |-ss°c<tas+ti25cc] - | 
| 13 |-sseo<tas+tascc| - | 
| 13 |-ssec<Tas+1250c} ~ 
| 1.3 [-ssec<tas+i2sec| - | (Note2) 
Le 
aoe 
ea 
ieee 
a 


Propagation Delay tPLH 


Pt 
Cree tPHL 
tPLH 


tPHL 


Voc = 4.5V 
CL <7pF on Ox 
CL = 15pF 


Propagation Delay 
CO to Qn 


NOTES: 1. The parameters listed in table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design and after major process and/or design changes. 


tPLH 
tPHL 
tTLH 
tTHL 


Propagation Delay 
COtoZ 


Output Transition 
Time (Except Ox) 


2. For multichannel operation, Propagation Delay (CO to Qn) plus Set-Up Time, Select to CO, is guaranteed to be < 367ns. 


3. Propagation Delays (tPLH and tPHL) and Output Transition Times (tTLH and tTHL) will change with Output Load Capacitance (CL). Set-up 
Times (ts), Hold Times (th), and Minimum Pulse Widths (tw) do not vary with load capacitance. 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD SUBGROUPS 


a 


a 
6 
{= 
EE 
a5 
oO > 
o§5 
= 
Os 
O 
Oo 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HD-4702/883 


Burn-In Circuit 
HD-4702/883 CERAMIC DIP 


Vcc 


G) 
Zz 
o 
Riis 
DIR IBISIBIBIEIE 
7 
» 


NOTES: Fo = 100KHz + 10%, Fy = Foyo, Fo = Fy/2,... 
Ry = 10kM, 1/4 W, 10% 
Voc = 5.5V + 0.5V, GND = OV 
Cy = 0.01pF minimum 


Packaging 
16 PIN CERAMIC DIP 


i | 
015 3 
015, 150 MIN 
.O60 
125 .080 MAX = 
180 * 100 
016 BSC 
023 
.050 * 
065 « INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, 
MATERIALS: Compliant to MIL-M-38510 GDIP1-T16 


NOTE: All Dimensions are _ , Dimensions are in inches. 
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HD-4702/883 


Metallization Topology 
DIE DIMENSIONS: 
100 x 97 x 19 mils 
METALLIZATION: 
Type: Si - Al 
Thickness: 10kA - 12kA 
GLASSIVATION: 
Type: SiOo 
Thickness: 7kA - 9kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 
7.1 x 104A/cm2 


Metallization Mask Layout 
HD-4702/883 


Qo Vcc 


ae Ee ie 


NC Fis Wy Sein, a el A 
ales a lf [an eg Ev RE Ce 
Gane 


i 
Wee ee ee 


Lente 


~” 

5 
q¢= 
rE 
<x 
a6 
o9 
os 
== 
os 
oO 
O 
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HD-6402 


CMOS Universal Asynchronous 
January 1992 Receiver Transmitter (UART) 


Featur Se sete 
eatures Description 
¢ 8.0MH rating F -640 
Operating Freqbency He-6202F) The HD-6402 is a CMOS UART for interfacing computers 
¢ 2.0MHz Operating Frequency (HD-6402R) or microprocessors to an asynchronous serial data channel. 
e Low Power CMOS Design The receiver converts serial start, data, parity and stop bits. 
¢ Programmable Word Length, Stop Bits and Parity The transmitter converts parallel data into serial form and 


: ; . t ticall tart, parity and st its. Th t 
e Automatic Data Formatting and Status Generation Sen = hee ae a ai Bea nae ra as ps 


* Compatible with Industry Standard UARTs Parity checking and generation can be inhibited. The stop 
e Single +5V Power Supply bits may be one or two or one and one-half when transmit- 
¢ CMOS/TTL Compatible Inputs ting 5 bit code. 


ae The HD-6402 can be used in a wide range of applications 
Ordering Information including modems, printers, peripherals and remote data 


acquisition systems. Utilizing the Harris advanced scaled 
TEMP. 2MHz = 8MHz = 
PACKAGE RANGE 125K BAUD 500K BAUD 


SAJI IV CMOS process permits operation clock frequencies 
up to 8.0OMHz (500K Baud). Power requirements, by 
Ceramic DIP| -40°C to +85°C | HD1-6402R-9 | HD1-6402B-9 _ 


comparison, are reduced from 300mW to 10mW. 
* 1883 -55°9C to +125°C | HD1-6402R/ HD1-6402B/ 
883 883 


Status logic increases flexibility and simplifies the user 
5962-9052501 | 5962-9052502. 
MQA | MQA 


interface. 
* Respective /883 specifications are included at the end of this data sheet 


SMD# 


Pinout 40 LEAD DIP Control Definition 
TOP VIEW ) : 
CONTROL WORD CHARACTER FORMAT 


vee [1 CLs [CLs START | DATA | PARITY | STOP 
NC | 2| | 2 1 BIT BITS BIT BITS 
o1lotlotltolo 1 5 ODD 1 


RRC 
DRR 


RRI 


xa =F OO OX xX HB BOO XK AHA HOOK KA HAO 


a Gee Ge ane Ge Ge ar ae” aa a a al] elo iol el el ene ie meme) 


a at ot aot mo oh O OOO OC OO BAe Beet ett 2 CFO OO O80 OO 
”~epar Ooo0o0ece-+-0ao00c0eot 27200004 4 00 0 
“~O}7-"ortdoe21 Of 0020+ 0L0+0+ 0 
pm ee ee re re er ree Sr ee es OS Ss 


m= ) |= %» = 9) |= YW |= AND |= YD |= HY =| DNDN | ; 


x 
MMAAWAAWAAWAANNN NNN ODO O OO OAaAAaAaan 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


|‘ é File Number 2956 
Copyright © Harris Corporation 1992 3 
5-88 


HD-6402 


Functional Diagram 


(32) (30) (28) (26) 
TBRS (33) (31) (29) (27)  TBRI 


tl ie TRANSMITTER BUFFER REGISTER | 
TRANSMITTER REGISTER START 
aad zk ts caliente: | 
TIMING AND | 
(40) TRC | CONTROL MULTIPLEXER ! 
CONTROL (16) SFD 
(34) CRL 


(35) Pl 
(21) MR 
is (20) RAI 


| TIMING AND | 
(18) DAR — CONTROL | 
PARITY. | 
(19) DR* LOGIC | 
| RECEIVER BUFFER REGISTER | 
| Proce Mess ae in | = 
pa i De Dl | 3 
(1e) seo | , Y, ee WW AW AW AW AW AW AY, (4) RRO <0 
ee ee GE OD eee aie 
* RBRS * RBRI - S 
* THESE OUTPUTS ARE * OE *FE * PE (5) (6) (7) (8) (9) (10) (11) (12) o> 
THREE STATE (15) (14) (13) == 
OS 
O 
oO 
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HD-6402 


Pin Description 


[PIN |TvPE|syMBOL| DESCRIPTION 


Positive Voltage Supply 

No Connection 

Ground 

A high level on RECEIVER REGISTER 


DISABLE forces the receiver holding out- 
puts RBR1-RBR8 to high impedance state. 
The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs. Word formats less than 8 char- 
acters are right justified to RBR1. 

See Pin 5~RBR8& 

See Pin 5-RBR8& 

See Pin 5-RBR8 

See Pin 5-RBR8 

See Pin 5-RBR8& 

See Pin 5-RBR8 

See Pin 5-RBR8& 

A high level on PARITY ERROR indicates 
received parity does not match parity 


programmed by control bits. When parity 
is inhibited this output is low. 

A high level on FRAMING ERROR indicat- 
es the first stop bit was invalid. 

A high level on OVERRUN ERROR indicat- 
‘es the data received flag was not cleared 
before the last character was transferred 
to the receiver buffer register. 


O0O000000 


* AO.1pF decoupling capacitor from the VCC pin to the GND is recommended. 


en re son _oesonerien _ 


A high level on STATUS FLAGS DISABLE 
forces the outputs PE, FE, OE, DR, TBRE 
to a high impedance state. 


The Receiver register clock is 16X the 
receiver data rate. 


A low level on DATA RECEIVED RESET 
clears the data received output DR toa 
low level. 


A high level on DATA RECEIVED indicates 
a character has been received and trans- 
ferred to the receiver buffer register. 

Serial data on RECEIVER REGISTER IN- 
PUT is clocked into the receiver register. 


A high level on MASTER RESET clears PE, 
FE, OE and DR to a low level and sets the 
transmitter register empty (TRE) toa 

high level 18 clock cycles after MR falling 
edge. MR does not clear the receiver buffer 
register. This input must be pulsed at least 
once after power up. The HD-6402 must 
be master reset after power up. The reset 
pulse should meet VIH and tryyp,. Wait 18 
clock cycles after the falling edge of MR 
before beginning operation. 


A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the transmit- 
ter buffer register has transferred its 

data to the transmitter register and is 
ready for new data. 


20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 


HD - 6402 


21 22 23 24 25 26 27 28 29 3 3 32 3 HMB 3% 37 3 39 40 


freee] essere 


A low level on TRANSMITTER BUFFER 
REGISTER LOAD transfers data from 
inputs TBR1-TBR8 into the transmitter 
buffer register. A low to high transition 
on TBRL initiates data transfer to the 
transmitter register. If busy, transfer is 


automatically delayed so that the two char- 
acters are transmitted end to end. 


A high level on TRANSMITTER REGISTER 
EMPTY indicates completed transmission 
of a character including stop bits. 
Character data, start data and stop bits 
appear serially at the TRANSMITTER REG- 
ISTER OUTPUT. 

Character data is loaded into the TRANS- 
MITTER BUFFER REGISTER via inputs 
TBR1-TBR8. For character formats less 
than 8 bits the TBR8, 7 and 6 inputs are 
ignored corresponding to their program- 
med word length. 

See Pin 26-TBR1. 

See Pin 26-TBR1. 

See Pin 26-TBR1. 

See Pin 26-TBR1. 
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See Pin 26-TBR1. 

See Pin 26-TBR1. 

See Pin 26-TBR1. 

Ahigh level on CONTROL REGISTER LOAD 
loads the control register with the control 
word. The control word is latched on the 
falling edge of CRL. CRL may be tied high. 
A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low. 

A high level on STOP BIT SELECT selects 
1.5 stop bits for 5 character format and 

2 stop bits for other lengths. 

These inputs program the CHARACTER 
LENGTH SELECTED (CLS1 low CLS2 low 
5 bits) (CLS1 high CLS2 low 6 bits) 

(CLS1 low CLS2 high 7 bits) (CLS1 high 
CLS2 high 8 bits.) 

See Pin 37-CLS2. 

When PI is low, a high level on EVEN 
PARITY ENABLE generates and checks 
even parity. A low level selects odd parity. 
The TRANSMITTER REGISTER CLOCK is 
16X the transmit data rate. 


HD-6402 


Transmitter Operation 


The transmitter section accepts parallel data, formats the 
data and transmits the data in serial form on the Transmitter 
Register Output (TRO) terminal (See serial data format). 
Data is loaded from the inputs TBR1-TBR8 into the 
Transmitter Buffer Register by applying a logic low on the 
Transmitter Buffer Register Load (TBRL) input (A). Valid 
data must be present at least tset prior to and thold 
following the rising edge of TBRL. If words less than 8 bits 
are used, only the least significant bits are transmitted. The 
character is right justified, so the least significant bit corre- 
sponds to TBR1 (B). 


TRANSMITTER TIMING TBRE 
(NOT TO SCALE) —{__ -~ 0 T0 1 CLOCK 

TRE 

TRO 


Receiver Operation 


Data is received in serial form at the Receiver Register Input 
(RRI). When no data is being received, RR! must remain 
high. The data is clocked through the Receiver Register 
Clock (RRC). The clock rate is 16 times the data rate. A low 
level on Data Received Reset (DRR) clears the Data Receiv- 
er (DR) line (A). During the first stop bit data is transferred 
from the Receiver Register to the Receiver Buffer Register 
(RBR) (B). If the word is less than 8 bits, the unused most 
significant bits will be a logic low. The output character is 


The rising edge of TBRL clears Transmitter Buffer Register 
Empty (TBRE). 0 to 1 Clock cycles later, data is transferred 
to the transmitter register, the Transmitter Register Empty 
(TRE) pin goes to a low state, TBRE is set high and serial 
data information is transmitted. The output data is clocked 
by Transmitter Register Clock (TRC) at a clock rate 16 times 


the data rate. A second low level pulse on TBRL loads data 
into the Transmitter Buffer Register (C). Data transfer to the 
transmitter register is delayed until transmission of the cur- 
rent data is complete (D). Data is automatically transferred 
to the transmitter register and transmission of that character 
begins one clock cycle later. 


t= 1/2 CLOCK 


DATA | 


©) @) END OF LAST STOP BIT 


right justified to the least significant bit RBR1. A logic high 
on Overrun Error (OE) indicates overruns. An overrun 
occurs when DR has not been cleared before the present 
character was transferred to the RBR. One clock cycle later 
DR is reset to a logic high, and Framing Error (FE) is 
evaluated (C). A logic high on FE indicates an invalid stop 
bit was received, a framing error. A logic high on Parity Error 
(PE) indicates a parity error. 


7 BEGINNING OF FIRST STOP BIT 


RRI 
ee Te CLOCK CYCLES 


RBRI-8, OE. PE 
RECEIVER TIMING 
(NOT TO SCALE) DRR 


— 


can 


Sea oars 
FE aa aret Dee 


® 


START BIT 


SERIAL DATA 
FORMAT 


5-8 DATA BITS 
SSS ee 


1 CLOCK CYCLE 


® © 


1, 1% OR 2 STOP BITS 
el 


PARITY “IF ENABLED 
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HD-6402 


Start Bit Detection 


The receiver uses a 16X clock timing. The start bit could bit will be located within +1/2 clock cycle, +1/32 bit or 
have occurred as much as one clock cycle before it was de- 3.125% giving a receiver margin of 46.875%. The receiver 
tected, as indicated by the shaded portion (A). The center of | begins searching for the next start bit at the center of the 
the start bit is defined as clock count 7 1/2. If the receiver _ first stop bit. : 

clock is a symmetrical square wave, the center of the start 


meee COUNT 7'2 DEFINED 


RRL INPUT ZO’V START CENTER OF START BIT 


b+. 7" CLOCK CYCLES 
pecans 8" CLOCK CYCLES 
Interfacing With The HD-6402 


TRANSMITTER RECEIVER 
TBRI 


| | Rs23e RS232 
TBRS TRO DRIVER Ee RECEIVER 


CONTROL 
RS232 RS232 
RECEIVER Se = DRIVER TRO 


TB 
RECEIVER TRANSMITTER 


DIGITAL HD-6402 


SYSTEM 


TYPICAL SERIAL DATA LINK 
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Specifications HD-6402 


Absolute Maximum Ratings 


SUPPLY VONAGE 65) ceeds ehh e tote evs Taos ewes Been +8.0V 
Input, Output or I/O VoltageApplied ...... GND-O.5V to VCC+0.5V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0... ce eee cee eee +175°C 
Lead Temperature (Soldering 10s)..............02000- +300°C 
ESD Classifications. s6 bcs ies bres tee aaa ee eed Class 1 
Typical Derating Factor............ 1mA/MHz Increase in ICCOP 


Reliability Information 


Thermal Resistance ...............6- Bin 8. 
Ceramic DIP Package............. 48.3°C/WW  14.8°C/W 
Maximum Package Power Dissipation at +125°C 
Goramic DIP Package cso oes een siid po a ceew wus 1.03W 
Gale Count ii atacuiei cad i ialaseeesieees eindie 1643 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................2008- +4.5V to +5.5V 


Operating Temperature Range 
HD-6402R-9, HD6402B-9 ...............068. -40°C to +85°C 


DC Electrical Specifications VCC =5.0V + 10%, T, = -40°C to +85°C (HD-6402R-9, HD-6402B-9) 


Logical “1” Input Voltage 


SYMBOL 
VIH 
Logical “O” Input Voltage 


| Input Leakage Current 


Logical “1” Output Voltage 3.0 
VCC -0.4 


OL Logical “O” Output Voltage 


HO Output Leakage Current 


Operating Supply Current* 


*Guaranteed, but not 100% tested 


Capacitance TA = +25°C 


Input Capacitance 
Output Capacitance COUT 


vice GND 


LIMITS 
PARAMETER 


Pun wax 
a ae 
ae Oe ae 
ee et 

0.4 


eal a a 
ee ae 
ill nila HS Bi 


PARAMETER SYMBOL CONDITIONS 


Freq. = 1MHz, all measurements are referenced to de- 


aie’ iii 
Tv freceasy 
IOH = -2.5mA, VCC = 4.5V 
IOH = -100pA 
nh 
pA 


VIN = GND or VCC; VCC = 5.5V, 
Output Open 

mA VCC = 5.5V, Clock Freq. = 2MHz, 
VIN = VCC or GND, Outputs Open 


units 


AC Electrical Specifications VCC =5.0V t 10%, T, = -40°C to +85°C (HD-6402R-9, HD6402B-9) 


(1) (CLOCK Clock Frequency 
(2) tPW Pulse Widths, CRL, ORR, TBRL 


(4) tSET Input Data Setup Time 
(5) tHOLD Input Data Hold Time 
(6) tEN Output Enable Time 


LIMITS HD-6402R | LIMITS HD-6402B 
SYMBOL PARAMETER | MIN | MAX | MIN | MAX | UNITS CONDITIONS 


rec[ 20 [oc | 30 
ro f- [=f 
[own [Picowanwa | wo - [| 
es 
ee 
ees ee 


MHz | CL = 50pF 


a See Switching Waveform 
pees 
pone 
[ns 
ps 
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HD-6402 


Switching Waveforms 


VAUD DATA 


CLS1, CLS2, SBS, PI, EPE 
SFD 


RRD 
VALID DATA 


TBR1 -TBR8 


STATUS OR 
RBR1 - RBRS 
ten 
(6) 
(2) 
DATA INPUT CYCLE CONTROL REGISTER LOAD CYCLE STATUS FLAG OUTPUT ENABLE TIME 


OR DATA OUTPUT ENABLE TIME 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
VIH + 20% VIH . VOH 
1.5V 1.5V 
VIL - 50% VIL VOL 


A.C. Testing: All input signals must switch between VIL - 50% VIL and VIH + 
20% VIH. Input rise and fall times are driven at Ins/V. 


Test Circuit 


OUT ee acl 
C 


L* 


* Includes stray and jig capacitance, CL = 50pF 
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SEMICONDUCTOR 


HD-6402/883 


CMOS Universal Asynchronous 


January 1992 Receiver Transmitter (UART) 


Features 


© This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ 8.0MHz Operating Frequency (HD-6402B/883) 

¢ 2.0MHz Operating Frequency (HD-6402R/883) 

e Low Power CMOS Design 

¢ Programmable Word Length, Stop Bits and Parity 
¢ Automatic Data Formatting and Status Generation 
e Compatible with Industry Standard UARTs 

¢ Single +5V Power Supply 

¢ CMOS/TTL Compatible Inputs 


Description 


The HD-6402/883 is a CMOS UART for interfacing com- 
puters or microprocessors to an asynchronous serial data 
Channel. The receiver converts serial start, data, parity and 
stop bits. The transmitter converts parallel data into serial 
form and automatically adds start, parity and stop bits. The 
data word length can be 5, 6,7 or 8 bits. Parity may be odd 
or even. Parity checking and generation can be inhibited. 
The stop bits may be one or two or one and one-half when 
transmitting 5 bit code. 


The HD-6402/883 can be used in a wide range of applica- 
tions including modems, printers, peripherals and remote 
data acquisition systems. Utilizing the Harris advanced 
scaled SAJI IV CMOS process permits operation clock 
frequencies up to 8.0MHz (500K Baud). Power require- 
ments, by comparison, are reduced from 300mW to 10mW. 
Status logic increases flexibility and simplifies the user 
interface. 


Pinout Control Definition 
HD1-6402/883 (CERAMIC DIP) NTROL WORD HARACTER FORMAT 
TOP VIEW ne ° ° . c ° 
START | DATA PARITY STOP 
BIT BITS BIT BITS 


Copyright © Harris Corporation 1992 
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Specifications HD-6402/883 


Absolute Maximum Ratings __ = Reliability Information 


Supply Voltage ...... ccc cece ccc c ec eecccceeceuceseeces +8.0V Thermal Resistance Bia Bic 
Input, Output or I/O Voltage Applied .... GND-0.5V to VCC+0.5V Ceramic DIP Package............e000. 48.39C/W 14.89C/W 
Storage Temperature Range ..............05. -659C to+150°9C Maximum Package Power Dissipation at +125°C 

Junction Temperature .......... cece cee ee crete eee eees +175°C Ceramic DIP Package ............... Sean eSuee aoete ds 1.03W 
Lead Temperature (Soldering 10 sec) ...........ceeeeee +S00CC? ‘Gale Count w:foicwed chs even seises bay eee wants 1643 Gates 
ESD Classification ec nk cwiiew cin es Cie eieew ie beac is Shows Class 1 

Typical Derating Factor............ 1mA/MHz Increase in ICCOP 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range ...........ceeeeeee ences +4.5V to +5.5V 
Operating Temperature Range ............... -559C to +125°9C 


TABLE 1. HD-6402/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. 


LIMITS 
GROUPA 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | MIN) | MAX | UNITS 


Input Leakage Current VIN = GND or VCC 1,2,3 -559C < Ta < +1259C 
VCC = 5.5V 
Output Leakage Current VO = GND or VCC, ~559C < Ta < +1259C 
| VCC = 5.5V 
A.C. (NOTE 2) GROUPA 
PARAMETERS SYMBOL | CONDITIONS | SUBGROUPS 
9,10,11 |-55°C <Ta < +1259C 
Input Data Setup =| (4) tseT 
Time 
9, 10, 11 -559C <Ta <+125°C ok 


: pes |v 
Logical “4” Output VOH 1OH = -2.5mA, -559C < Ta < +1259C V 
Voltage VCC = 4.5V, (Note 1) 

| Logical “1” Output | VOH IOH = -100,A, -559C < Ta <+1259C | VCC Vv 
Voltage VCC = 4.5V, (Note 1) -0.4 

a a ae 
Standby Supply Current ICCSB VIN = GND or VCC; 1,2,3 |-55°C <Ta<t+1 25°C pA 
VCC = 5.5V 
TABLE 2. HD-6402/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Clock Frequency | (1)fcLocK hee 
Pulse Widths, (2) tpw 9, 10, 11 -§59C <Ta<+1259C] 1 
CRL,DRR,TBRL 

9,10,11  |-55°C <Ta<+125°C] 150 | 
Input Data Hold | (5) tot 
Time 
Output Enable (6) tEN 9, 10, 11 -559C <Ta <+125°9C 
Time 
NOTES: . 
1. Interchanging of force and sense conditions is permitted. 2. Tested with input levels of VIH = 2.76V and VIL = 0.4V. Rise and 


Logical “0” Input Voltage VCC = 4.5V -55°C < Ta < +125°C a 
| | : . has 
| 
Logical “0” Output VOL 1OL = +2.5mA 1,2,3 |-559C < Ta < +1259C 
Voltage VCC = 4.5V, (Note 1) 
: 
Output Open an 
Device Guaranteed and 100% Tested 
LIMITS LIMITS 
HD-6402R/883 | HD-6402B/883 
TEMPERATURE | MIN | UNITS 
Pulse WidthMR =| (3) tur < 1 
fall times are driven at 1ns/V. 
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TABLE 3. HD-6402/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
A.C. PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE Soin | max. | UNITS 


All Measurements are 
Output Capacitance Referenced to Device GND <a Ta = +25°9C “er aEe 


iccop | vcc=s.y, 55°C < Ta <+125°C a ial i 


Clock Freq. = 2MHz 
VIN = VCC or GND, 

NOTE: 3. The Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 

upon initial design and after major process and/or design changes. 


Operating Supply 
Current 


Outputs Open 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD SUBGROUPS 


a 
i 
Be 


m7) 
S 
<0 
EE 
as 
os 
05 
== 
OS 
O 
Oo 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Burn-In Circuits 
HD-6402/883 CERAMIC DIP 


DETAIL & vec ee 
NOTE: One Per Output 
RI Cc 1 | 40] = FO 
oe oa 
R1 
GND ey 38] Vcc 
| R1 R1 
R1 GND 4 | VCC 
R1 
< 5 | VCC 
R1 
a G \ GND 
1 
<y s4}-VWWV—~ GND 
DETAIL VCC Y ie R1 site 
O Per Board Y a ane = a wes 
NOTE: One Per Boar HD - 6402 /88&3 
<y 10] 31 MA VCC 
< aT 30) GND 
R1 
2 12, 29] VCC 
- R1 
4 13 | 28] \ GND 
1 
AY Vote 
R1 
CA> 15, 26] GND 
R1 
GND AG] 25 
FO oo 
VCC 18) 
19) 
GND 


NOTES: 

VCC = §.5V + 0.5V 

FO = 100kHz + 10% 

Ri = 47k, 1/4W + 10% 

C = 0.01 pF minimum 

** One socket per board should not be loaded, 
but rather have pin 24 go the “C” of the 4011. 
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Metallization Topology 


Thickness: 10kA - 12kA 


GLASSIVATION: 
Type: SiOoa 
Thickness: 7k 

DIE ATTACH: 


DIE DIMENSIONS: 126.4 x 134.3 x 19 + 1mils 
Type: Si-Al 


METALLIZATION: 


A-9kA 


Material: Gold/Silicon Eutectic Alloy 


Temperature: Ceramic DIP — 460°C 
WORST CASE CURRENT DENSITY: 1.42 x 10° A/cm2 


Max) 


( 


Metallization Mask Layout 


-6402/883 


HD 


TRC EPE CLSi CLS2 SBS 


RRD GND NC VCC 


RBR8& 


RBR5 
RBR4 
RBR3 
RBR2 
RBR1 


SNOLLVOINNWNINOD 


vVivd SOWD 


TIA NAAT AAA eb : 


a fener aa ee ae SI aaRaraeacans TS rae 


=" 2) ee. 


ager 


= =S a SSiSSser 


PERS init Wh 


MRE eae: PERC AEE 


——_-* 


——— 


SOME An pT FNL aM Fg 


SFD 


TBRE TBRL TRE 


MR 


RRC DRR DR 
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40 PIN CERAMIC DIP 


Packaging 
2.035 
2.096 

.005 MIN 


.225 MAX 
iz 


LEAD FINISH: Type A | 
MATERIALS: Compliant to MIL-M-38510 


Min 


NOTE: All Dimensions are 
Max 


, Dimensions are in inches. 


.915 


PT ‘835 


.150 MIN 
.098 MAX ~/i, 008” 


.100 .015 
BSC 


a2 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


COMPLIANT OUTLINE: MIL-STD-1835, 
GDIP1-T40 
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SEMICONDUCTOR 


HD-6408 


CMOS Asynchronous Serial 
Manchester Adapter (ASMA) 


aD 


January 1992 
Features Pinout 
24 LEAD DIP 
e Low Bit Error Rate TOP VIEW 
© Data: Rate. < chicks cvaves Seoiwan cia Viveeaesues 1IMBit/s ‘ 
e Sync Identification and Lock-In ey 
e Clock Recovery sci 
¢ Manchester Il Encoder, Decoder sp 
¢ Separate Encode and Decode ss 
e Low Operating Power ............ccccceeecees 50mW at 5V Hg] EE 
e Single Power Supply 18} SDI 
e 24 Pin Package BOO 
e s ol 

Ordering Information ayo 

MR 


Plastic DIP -40°C to +85°C HD3-6408-9 
Ceramic DIP -40°C to +85°C HD1-6408-9 


Description 


The HD-6408 is a CMOS/LSI Manchester Encoder/Decoder 
for creating a very high speed asynchronous serial data bus. 
The Encoder converts serial NRZ data (typically from a shift 


valid word signal. The Decoder puts the Manchester code to 
full use to provide clock recovery and excellent noise immu- 
nity at these very high speeds. 


register) to Manchester lt encoded data adding async pulse the HD-6408 can be used in many commercial applications # 
and parity bit. The Decoder recognizes this sync pulse and such as security systems, environmental control systems, Pao) 
identifies it as a Command Sync or a Data Sync. The data is serial data links and many others. It utilizes a single 12 x EE 
then decoded and shifted out in NRZ code (typically into a clock and achieves data rates of up to one million bits per a a 
shift register). Finally, the parity bit is checked. If there were second with a very minimum overhead of only 4 bits out of n> 
no Manchester or parity errors the Decoder responds with a 20, leaving 16 bits for data. 2 = 
; Os 
Block Diagrams 7 vo) 
ENCODER DECODER © 
. : : = : 
13 MR 
VALID 
4 VALID WORD PARITY 
nee ™ LATCH Pale 


ESC 


Ss 20 


CHARACTER 16 
or 7 
BOO 
DATA 19 
E 


E 


3 
SYNC 
LATCH 


= 
i) 


CLOCK 
SYNCHRO- 
NIZER 


7 TRANSITION 
8 FINDER 


o jo 


ao 


NRZ 
4 
EER OUTPUT sD0 
IDENTIFI Pout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1991 5-101 
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| PIN | TYPE | SYMBOL | SECTION DESCRIPTION 
a 


ESC Encoder ENCODER SHIFT CLOCK is an output for shifting data into the Encoder.The 
Encoder samples SDI on the low-to-high transition of ESC. 
TO Decoder TAKE DATA output is high during receipt of data after identification of a sync pulse 
and two valid manchester data bits. 


Decoder SERIAL DATA OUT delivers received data in correct NRZ format. 


Decoder DECODER CLOCK input drives the transition finder, and the synchronizer which 
in turn supplies the clock to the balance of the Decoder. Input a frequency equal 
to 12X the data rate. 


- Decoder 


A high input should be applied to BIPOLAR ZERO IN when the bus is in its nega- 
tive state. This pin must be held high when the Unipolar input is used. 


Decoder A high input should be applied to BIPOLAR ONE IN when the bus is in its positive 


state, this pin must be held low when the Unipolar input is used. — 


Decoder With pin 6 high and pin 7 low, this pin enters UNIPOLAR DATA IN to the transition 


finder circuit. If not used this input must be held low. 


DSC Decoder DECODER SHIFT CLOCK output delivers a frequency (DECODER CLOCK + 
12), synchronized by the recovered serial data stream. 


CDS Decoder COMMAND/DATA SYNC output high occurs during output of decoded data which 
was preceded by a Command synchronizing character. A low output indicates a 
Data synchronizing character. 


EEE 3 
Q 


Decoder A high input to DECODER RESET during a rising edge of DECODER SHIFT 


CLOCK resets the decoder bit counting logic to a condition ready for a new word. 


GROUND supply pin. . 


A high on MASTER RESET clears the 2:1 counters in both the encoder and 
decoder and the + 6 counter. 
Encoder DIVIDE BY SIX is an output from 6:1 divider which is driven by the ENCODER - 
CLOCK. 


Encoder BIPOLAR ZERO OUT is a active low output designed to drive the zero or negative 


— 
on 


sense of a bipolar line driver. 


Encoder A low on OUTPUT INHIBIT forces pin 15 and 17 high, their inactive states. | 

Encoder BIPOLAR ONE OUT is an active low output designed to drive the one or positive 
sense of a bipolar line driver. 

Encoder SERIAL DATA IN accepts a serial data stream at a data rate equal to ENCODER 
SHIFT CLOCK. 

Encoder A high on ENCODER ENABLE initiates the encode cycle. (Subject to the preced- 

ing cycle being complete.) 

Encoder SYNC SELECT actuates a Command sync for an input high and data sync for an 
input low. 

Encoder SEND DATA is an active high output which enables the external source of serial 
data. 


SCI Encoder SEND CLOCK IN is 2X the Encoder data rate. 
Encoder ENCODER CLOCK is the input to the 6:1 divider. 


Vec is the +5V power supply pin. A 0.1pF decoupling capacitor from Voc (pin 24) 
to GND (pin 12) is recommended. 
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Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SClock input. An 
auxiliary divide by six counter is provided on chip which can 
be utilized to produce the SClock by dividing the DClock. 


The Encoder’s cycle begins when EE is high during a falling 
edge of ESC (1). This cycle lasts for one word length or 
twenty ESC periods. At the next low-to-high transition of the 
ESC, a high at SS input actuates a Command sync or a low 
will produce a Data sync for that word (2). When the Encoder 
is ready to accept data, the SD output will go high and 
remain high for sixteen ESC periods (3) - (4). 


During these sixteen periods the data should be clocked into 
the SDinput with every high-to-low transition of the ESC (3) - 
(4). After the sync and_Manchester Il encoded data are 
transmitted through the BOO and BZO outputs, the Encoder 


TIMING | | 


ps ale ise: [ease [ea | 


adds on an additional bit which is the (odd) parity for that 
word (5). lf ENCODER ENABLE is held high continuously, 
consecutive words will be encoded without an interframe 
gap. ENCODER ENABLE must go low by time (5) as shown 
to prevent a consecutive word from being encoded. At any 
time a low on OI will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 


To Abort the Encoder transmission a positive pulse must be 
applied at MR. Any time after or during this pulse, a low-to- 
high transition on SCI clears the internal counters and initial- 
izes the Encoder for a new word. 


| 5 | | 17 | 18 | 19 | | | 


ec TLIVFLILILr Lire rrr rrr 
UMMMMMUR EES PIII) 
ZLB ALLL ESSERE, LLL LLL 


aia: Seana 
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HD-6408 


Decoder Operation 


The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DClock input. The 
Manchester II coded data can be presented to the Decoder 
in one of two ways. The BOI and BZI inputs will accept data 
from a differential output comparator. The UDI input can only 
accept noninverted Manchester li coded data (e.g. from 
BOO of an Encoder through an inverter to UDI). 


The Decoder is free running and continuously monitors its 


data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized (1), the type of sync is indicated by the 
CDS output. If the sync character was a command, this out- 
put will go high (2) and remain high for sixteen DSC periods 
(3), otherwise it will remain low. The TD output will go high 
and remain high (2) - (3) while the Decoder is transmitting 
the decoded data through SDO. 


The decoded data available at SDO is in a NRZ format. The 
DSC is provided so that the decoded bits can be shifted into 


TIMING | 


fof +r[2|s][a]sf{e6]7 |e] 


an external register on every low-to-high transition of this 
clock (2) - (3). Note that DECODER SHIFT CLOCK may 
adjust its phase up until the time that TAKE DATA goes high. 


After all sixteen decoded bits have been transmitted (3) the 
data is checked for odd parity. A high on VW output (4) indi- 
cates a successful reception of a word without any 
Manchester or parity errors. At this time the Decoder is look- 
ing for a new sync character to start another output 
sequence. VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown (1). 


At any time in the above sequence a high input on DR during 
a low-to-high transition of DSC will abort transmission and 
initialize the Decoder to start looking for a new sync charac- 
ter. 


| 1 | 17 | ww | 19 | | | | 


I VITITIIBUSASTS//////// Ee Ee Ee //) 


vw (XYXUEROMPREVOUSRECEPHONT NUNN 
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Specifications HD-6408 


Absolute Maximum Ratings 


SUpPDIY. VONAGE ine ee ae REISS ie ae See ees +7.0V 
Input, Output or I/O Voltage ............. GND-0.3V to Voc+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0... ccc etc ee cece +175°C 
Lead Temperature (Soldering 10s)...............0006. +300°C 
ESD Classification ...... 0.0... cece eee ce eee Class 1 


Reliability Information 


Thermal Resistance ................ Bin 8, 
Ceramic DIP Package............. 50.4°C/W ss. 11.7°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ........... ccc eee eee eee 992mW 
Gale Countis45 ce sea cey erGene ee ey Gece ined 456 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range.................668- +4.5V to +5.5V 


Operating Temperature Range 
HD-G408-9s) cicnsas eee tears sete aes ees -40°C to +85°C 


DC Electrical Specifications Vo¢ = 5.0V + 10%, T, = -40°C to +85°C 


[svweot_[ PARAMETER | WIN | TP | MAX | UNITS | TESTCONDITIONS 


(“Guaranteed but not 100% tested) 


5-8, 11, 13, 16, 18, 19, 20, 22, 23 
lon = -3MA 

lo, = 1.8MA 

Vin = Vec = 5.5V Outputs Open 


| mA [Vcc = 5.5V, f = 15MHz 


+1.0 Vin = Vec or GND, DIP Pins 
mA 


AC Electrical Specifications Vo, = 5.0V + 10%, T, = -40°C to +85°C 


ENCODER TIMING 


Encoder Clock Rise Time 


78 
78 


SYMBOL PARAMETER | MIN | TYP | MAX | UNITS TEST CONDITIONS 


La mr ier ie ie 
I ' 


= 50pF 
MHz |C, = 50pF 
= 50pF 
= SOpF 
Hz C, = SOpF 
C, = 50pF 
C, = 50pF 
C, = SOpF 
C, = SOpF 
C, = SOpF 
C, = 50pF 

= 50pF 
C, = SOpF 
C, = SOpF 
C. = SOpF 
C, = 50pF 
C, = SOpF 
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Specifications HD-6408 


AC Electrical Specifications (Continued) Voc = 5.0V + 10%, Ty = -40°C to +85°C 


[sywpo._[ PARAMETER | MIN | TYP _| MAX | ONTTS |  TESTCONDITIONS 
DECODER TIMING _ hte | 7 | 
[i8) Fog [Decoder oakFrequency [0 [| | we [q-sr Ss 


OQ 
PS 
Nl 
3 
5] 
7 


®t) Foo 
(22) Tor Decoder Reset Pulse Width 


Note 1, C, = 50pF 
Note 1, C, = 50pF 


eee ee 
ae | MHz 
ae ae 
7 {| | ns 
ie ae 
ee ie 
ea ee 
| 18T oo Le 
| Toc -10s | ns [Note 1,C,=S0pF 
ns 
ees 
ieee 
_ ons 
_ ns 
| ns 
En 
a 


Note 1, C, = 50pF 
Note 1, C, = 50pF 


NOTE: 


1. Typo = Decoder Clock Period = '/Fp¢. 
(These parameters are guaranteed but not 100% tested). 


4 
9 
ro) 
+ 
—k 
So 
ood 
foe] 
= 
9 
Qa 


Capacitance T, = +25°C — 
SYMBOL PARAMETER | MIN) | TYP) | MAX | UNITS TEST CONDITIONS 
surements are referenced 


to device GND 
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AC Testing Input, Output Waveform Encoder Timing 


eG eee eee Mee 


7 
oti 
Ee Tea(9) 
spI 4 NOTTS ATI UMMM TEI, 


INPUT GuTPUT 

Vin VOW 
50% 50% 

Vib VOL 


. a 
AC TESTING: AW input signals must switch between ViL and | TTS OATS SSCL WEEE 


VIH. Input rise and fall times are driven at 1ns per volt. 


TES 
800 OR BZO 
Decoder Timing 
NOTE Ui= 0, FOR NEXT DIAGRAMS 
j=. BITPERIOD -~ ---»}--—-——. @1T PERIOD ——--- -—----- BIT PERIOD ————o ow 
eo _f-¥o\ WLLL LLL (283) noe) ee cca (cee ee cemmeae: Mis r- 
6) To2 To b- T03(28) Tos -—— re) 
ezt 27 o- VL aa qu 
| | 2) *97 te i 
COMMAND SYNC (27) a a 
(26 | 
801 ea) | 0 28 nS 
--_______-——— T 
we SVL a) | te © —— ae == 
| ee | em , (27) el spo GT aD Oo z 
\(26 | 26 | 
ag Bees) ek 
B2i t 
bp ets A — 1s) A SR er ee Ne Pe 
| (29) OnE (30) ZERO (30) On 6)(28) | an i = 
Oe A Spagna ee ee he, 
| NOTE: BO1 = 9: BZI= 1 FOR NEXT DIAGRAMS | vw SSRIS (5°) 11 Ui ae 
ul a A. 
| 


| 27 a eee | eae eames eee Tacs 
ul (27) ——___—__—--— Tog Tors he 
{ r DR (22)tor—~f Lk 
: 7 (29) 29 (24)romn—| 
ul Tos T Tos Tos 


| 
| 
| 
Tos 
| (29) one | ZERO (B) one | ONE 
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CMOS Manchester Encoder-Decoder 


January 1992 


Features 


¢ Converter or Repeater Mode 


¢ independent Manchester Encoder and Decoder 
Operation 


® Static to One Megabit/sec Data Rate Guaranteed 
* Low Bit Error Rate 

¢ Digital PLL Clock Recovery 

© On Chip Oscillator 

¢ Low Operating Power: 50mW Typical at +5V 


e Available in 20 Pin Dual-In-Line and 20 Pad LCC 
Package 


Ordering Information 


PACKAGE 


Plastic DIP 


-409C to +85°9C 


* /883 
LCC -~40°C to +859C HD4-6409-9 
* /883 -559C to +1259C HD4-6409/883 


* Respective /883 specifications are included at the end of this data sheet. 


TEMPERATURE RANGE | 1 MEGABIT/SEC 
HD3-6409-9 
SOIC -40°C to +85°C HD9P6409-9 


Ceramic DIP ~40°C to +85°C HD1-6409 
-559C to +1259C HD1 -6409/883 


Description 


The HD-6409 Manchester Encoder-Decoder (MED) is a 
high speed, low power device manufactured using self- 
aligned silicon gate technology. The device is intended for 
use in serial data communication, and can be operated in 
either of two modes. In the converter mode, the MED 
converts Nonreturn-to-Zero code (NRZ) into Manchester 
code and decodes Manchester code into Nonreturn-to- 
Zero code. For serial data communication, Manchester 
code does not have some of the deficiencies inherent in 
Nonreturn-to-Zero code. For instance, use of the MED on 
a serial line eliminates DC components, provides clock 
recovery, and gives a relatively high degree of noise 
immunity. Because the MED converts the most commonly 
used code (NRZ) to Manchester code, the advantages 
of using Manchester code are easily realized in a serial 
data link. 


In the Repeater mode, the MED accepts Manchester code 
input and reconstructs it with a recovered clock. This mini- 
mizes the effects of noise on a serial data link. A digital 
phase lock loop generates the recovered clock. A maximum 
data rate of 1MHz requires only 50mW of power. 


Manchester code is used in magnetic tape recording and in 
fiber optic communication, and generally is used where 
data accuracy is imperative. Because it frames blocks of 
data, the HD-6409 easily interfaces to protocol controllers. 


Pinouts 
20 LEAD DIP 
20 LEAD SOIC 
TOP VIEW 
BZI 20] Voc 
Bot [ BOO 
UDI BZO 
SD /CDS SS 
SDO ECLK 
SRST CTS 
NVM MS 
DCLK Ox 


RST 
GND 


Copyright © Harris Corporation 1992 


20 LEAD LCC 
TOP VIEW 


SD /CDS 
SDO|5 


SRST} 6 
NVM | 7 


DCLK|8 


2951 


File Number 
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Block Diagram 


BOI 
5 BIT SHIFT 
B71 REGISTER 
AND DECODER 
UDI 


SYNC 
GENERATOR 


EDGE 
DETECTOR 


RST >» RESET 


MANCHESTER 
ENCODER 


INPUT / 
OUTPUT 
SELECT 


SD -CDS 


IX : 
OSCILLATOR COUNTER 
Ox | CIRCUITS 


co ce 


SS 


Logic Symbol 


Ss CLOCK OX 
co GENERATOR IX 
SD -CDS BOO 
ECLK BZO 
ENCODER CTS 
MS 
RST CONTROL 
SDO en Bol 
DCLK BZI 
NVM < UDI 


SRST 


DECODER 
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SDO 
NVM 


BOO 
BZO 
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SRST 


MS 


ECLK 
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Pin Description 


PIN ; | 
NUMBER SYMBOL NAME : DESCRIPTION 


Bipolar Zero Input Used in conjunction with pin 2, Bipolar One Input (BOI), to input 
Manchester Il encoded data to the decoder, BZ!I and BOI are logical 
complements. When using pin 3, Unipolar Data Input (UDI) for data 
input, BZ! must be held high. 


Bipolar One Input Used in conjunction with pin 1, Bipolar Zero Input (BZI), to input 
Manchester Il encoded data to the decoder, BOI and BZI are logical 
complements. When using pin 3, Unipolar Data Input (UDI) for data 
input, BOI must be held low. 


Unipolar Data Input An alternate to bipolar input (BZI, BOI), Unipolar Data Input (UDI) is 
used to input Manchester fl encoded data to the decoder. When using 
pin 1 (BZ1) and pin 2 (BOI) for data input, UDI must be held low. 


1/0 SD/CDS Serial Data/Command in the converter mode, SD/CDS is an input used to receive serial NRZ 
Data Sync data. NRZ data is accepted synchronously on the falling edge of 
encoder clock output (ECLK). In the repeater mode, SD/CDS is an 
output indicating the status of last valid sync pattern received. A high 
indicates a command sync and a low indicates a data sync pattern. 


In the converter mode, SRST follows RST. In the repeater mode, 
when RST goes low, SRST goes low and remains low after RST goes 
high. SRST goes high only when RST is high, the reset bit is zero, and 
a valid synchronization sequence is received. 


A low on NVM indicates that the decoder has received invalid 
Manchester data and present data on Serial Data Out (SDO) is invalid. 
A high indicates that the sync pulse and data were valid and SDO is 
valid. NVM is set low by a low on RST, and remains low after RST goes 
high until valid sync pulse followed by two valid Manchester bits is 


received. 


in the converter mode, a low on RST forces SDO, DCLK, NVM, and 
SRST low. A high on RST enables SDO and DCLK, and forces SRST 
high. NVM remains low after RST goes high until a valid sync pulse 
followed by two Manchester bits is received, after which it goes high. 
In the repeater mode, RST has the same effect on SDO, DCLK and 
NVM as in the converter mode. When RST goes low, SRST goes low 
and remains low after RST goes high. SRST goes high only when 
RSTis high, the reset bit is zero and a valid synchronization sequence 
is received. 


(I) Input (O) Output 
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Pin Description (continued) 


lx is the input for an external clock or, if the internal oscillator is 
used, lx and Ox are uSed for the connection of the crystal. 


If the internal oscillator is used, Ox and ly are used for the 
connection of the crystal. 


MS must be held low for operation in the converter mode, and 
high for operation in the repeater mode. 


In the converter mode, a high disables the encoder, forcing 
outputs BOO, BZO high and ECLK low. A high to low transition of 
CTS initiates transmission of a Command sync pulse. A low on 
CTS enables BOO, BZO, and ECLK. In the repeater mode, the 
function of CTS is identical to that of the converter mode with the 
exception that a transition of CTS does not initiate a synchroni- 
zation sequence. 


In the converter mode, ECLK is a 1X clock output used to receive 
serial NRZ data to SD/CDS. In the repeater mode, ECLK is a 2X 
clock which is recovered from BZI and BOI data by the digital 
phase locked loop. 


A logic high on SS sets the data rate at 1/32 times the clock 
frequency while a low sets the data rate at 1/16 times the clock 
frequency. 


BZO and its logical complement BOO are the Manchester data 
outputs of the encoder. The inactive state for these outputs is in 
the high state. 


mia 


VCC is the +5V power supply pin. A 0.1uF decoupling capacitor 
from VCC (pin-20) to GND (pin-10) is recommended. 
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(I) Input (O) Output 
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Encoder Operation 


The encoder uses free running clocks at 1X and 2X the data 
rate derived from the system clock lx for internal timing. CTs S 
is used to control the encoder outputs, ECLK, BOO and BZO. 
A free running 1X ECLK is transmitted out of the encoder to 
drive the external circuits which supply the NRZ data to the 
MED at pin SD/CDS. 


A low on CTS enables encoder outputs ECLK, BOO and 
BZO, while a high on CTS forces BZO, BOO high and holds 
ECLK low. When CTS goes from high to low @ , a synchroni- 
zation sequence is transmitted out on BOO and BZO. A 


$D/CDS 
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Decoder Operation 


The decoder requires a single clock with a frequency 16X or 
32X the desired data rate. The rate is selected on the speed 
select with SS low producing a 16X clock and high a 32X 
clock. For long data links the 32X mode should be used as 
this permits a wider timing jitter margin. The internal operation 


st? 
© 
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° 
- 
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—- 
— 
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of the decoder utilizes a free running clock synchronized with | 


incoming data for its clocking. 


The Manchester Il encoded data can be presented to the 
decoder in either of two ways. The Bipolar One and Bipolar 
Zero inputs will accept data from differential inputs such as a 
comparator sensed transformer coupled bus. The Unipolar 
Data input can only accept noninverted Manchester Il 
encoded data i.e. Bipolar One Out through an inverter to 
Unipolar Data Input. The decoder continuously monitors this 
data input for valid sync pattern. Note that while the MED 
encoder section can generate only a command sync pattern, 


mee be eee ee tn a 
COMMAND H 
SYNC oe a 
oe ae ge 

SDO 

RST 

NVM 


synchronization sequence consists of eight Manchester “0” 
bits followed by a command sync pulse. @ A command 
sync pulse is a three bit wide pulse with the first 1 1/2 bits 
high followed by 1 1/2 bits low. @ Serial NRZ data is 
clocked into the encoder at SD/CDS on the high to low transi- 


tion of ECLK during the command sync pulse. The NRZ data 


received is encoded into Manchester Il data and transmitted 
out on BOO and BZO following the command sync pulse. 
@ Following the synchronization sequence, input data is 
encoded and transmitted out continuously without parity 
check or word framing. The length of the data block encoded 
is defined by CTS. Manchester data out is inverted. 


' 
— SYNCHRONIZATION SEQUENCE ae 

| 

1 


the decoder can recognize either a command or data sync 
pattern. A data sync is a logically inverted command sync. 


There is a three bit delay between UDI, BOI, or BZI input and 
the decoded NRZ data transmitted out of SDO. 


Control of the decoder outputs is provided by the RST pin. 
When RST is low, SDO, DCLK and NVM are forced low. When 
RST is high, SDO is transmitted out synchronously with the re- 
covered clock DCLK. The NVM output remains low after a low 


to high transition on RST until a valid sync pattern is received. 


The decoded data at SDO is in NRZ format. DCLK is provid- 
ed so that the decoded bits can be shifted into an external 
register on every high to low transition of this clock. Three bit 
periods after an invalid Manchester bit is received on UDI, or 
BOI, NVM goes low synchronously with the questionable 
data output on SDO. FURTHER, THE DECODER DOES 
NOT REESTABLISH PROPER DATA DECODING UNTIL 
ANOTHER SYNC PATTERN IS RECOGNIZED. 
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Repeater Operation 


Manchester II data can be presented to the repeater in 
either of two ways. The inputs Bipolar One In and Bipolar 
Zero In will accept data from differential inputs such as a 
comparator or sensed transformer coupled bus. The input 
Unipolar Data In accepts only non-inverted Manchester Il 
coded data. The decoder requires a single clock with a 
frequency 16X or 32X the desired data rate. This clock is 
selected to 16X with Speed Select low and 32X with Speed 
Select high. For long data links the 32X mode should be 
used as this permits a wider timing jitter margin. 


The inputs UDI, or BOI, BZ! are delayed approximately 1/2 
bit period and repeated as outputs BOO and BZO. The 2X 
ECLK is transmitted out of the repeater synchronously with 
BOO and BZO. 


INPUT | | | 
1 4 2 ! 3 
t ( 
t ( 


! ' ! 
\—-§ YNC PULSE——-—> 
UDI 


BZO 


BOO 
RST 


SRST 


— ee 


A low on CTS enables ECLK, BOO, and BZO. In contrast to 
the converter mode, a transition on CTS does not initiate a 
synchronization sequence of eight O’s and a command 
sync. The repeater mode does recogize a command or data 
sync pulse. SD/CDS is an output which reflects the state of 
the most recent sync pulse received, with high indicating a 
command sync and low indicating a data sync. 


When RST is low, the outputs SDO, DCLK, and NVM are 
low, and SRST is set low. SRST remains low after RST goes 
high and is not reset until a sync pulse and two valid man- 
chester bits are received with the reset bit low. The reset bit 
is the first data bit after the sync pulse. With RST high, NRZ 
Data is transmitted out of Serial Data Out synchronously 
with the 1X DCLK. 
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Manchester Code 


Nonreturn to Zero (NRZ) code represents the binary values 
logic-O and logic-1 with a static level maintained through- 
out the data cell. In contrast, Manchester code represents 
data with a level transition in the middle of the data cell. 
Manchester has bandwidth, error detection, and synchroni- 
zation advantages over NRZ code. 


The manchester If code Bipolar One and Bipolar Zero 
shown below are logical complements. The direction of the 
transition indicates the binary value of data. A logic-O in 
Bipolar One is defined as a Low to high transition in the 
middle of the data cell, and a logic-1 as a high to low mid bit 
transition, Manchester Il is also known as Biphase-L code. 


The bandwidth of NRZ is from DC to the clock frequency 
fc/2, while that of Manchester is from fc/2 to fc. Thus, 
Manchester can be AC or transformer coupled, which has 
considerabie advantages over DC coupling. Also, the ratio 
of maximum to minimum frequency of Manchester extends 
one octave, while the ratio for NRZ is the range of 5-10 
octaves. It is much easier to design a narrow band than a 
wideband amp. 


Secondly, the mid bit transition in each data cell provides 
the code with an effective error detection scheme. If noise 
produces a logic inversion in the data cell such that there is 
no transition, an error indiction is given, and synchroniza- 
tion must be re-established. This places relatively stringent 
requirements on the incomming data. 


BIT PERIOD 1 2 


BINARYCODE ; 0 | 1 


The synchronization advantages of using the HD-6409 and 
Manchester code are several fold. One is that Manchester is 
a self clocking code. The clock in serial data communica- 
tion defines the position of each data cell. Non self clocking 
codes, as NRZ, often require an extra clock wire or clock 
track (in magnetic recording). Further, there can be a phase 
variation between the clock and data track. Crosstalk 
between the two may be a problem. In Manchester, the 
serial data stream contains both the clock and the data, with 
the position of the mid bit transition representing the clock, 
and the direction of the transition representing data. There 
is no phase variation between the clock and the data. 


A second synchronization advantage is a result of the 
number of transitions in the data. The decoder 
resynchronizes on each transition, or at least once every 
data cell. In contrast, receivers using NRZ, which does not 
necessarily have transitions, must resynchronize on frame 
bit transitions, which occur far less often, usually on a 
character basis. This more frequent resynchronization 
eliminates the cumulative effect of errors over sucessive 
data cells. A final synchronization advantage concerns the 
HD-6409’s sync pulse used to initiate synchronization. This 
three bit wide pattern is sufficiently distinct from 
Manchester data that a false start by the receiver is unlikely. 


| 
t. 
; t 
NON-RETURN | | | 
TOZERO | | 


BIPOLAR ONE 


BIPOLAR ZERO 


LC Oscillator Mode 


Crystal Oscillator Mode 


c1 


C1 = 32pF C1 = 20pF 

CO = Crystal + Stray CO = SpF 
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Using the 6409 as a Manchester Encoded UART 


| BIPOLAR IN Voc 
BOO 
BZO BIPOLAR OUT 
CTs 
Re ee ee ne oe at 
ae Ct tT 
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A B CK QH| AB CK CK LOAD QH]| SI CK LOAD QH 
164 fF 164 fF 165 _f 165 _ fT 


0 ee 
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Specifications HD-6409 


Absolute Maximum Ratings Reliability information 


Supply Voltage........ tsa Riess SG MG Ayer e el Seda ae +7.0V Thermal Resistance .................. Bia Big 

Input, Output or I/O Voltage ............. GND-0.5V to Voc+0.5V Ceramic DIP Package............... 83°C/W ss: 23°C /W 

Storage Temperature Range ...........:..44. -65°C to +150°C Ceramic LCC Package .............. B4°C/W ss 24°C /W 

Junction Temperature... 0... ccc ce cee tee tenes +175°C , P, Dissipation at +125° 

Lead Temperature (Soldering 408) ore ae etx eles : +300°C Oe ious sie i ae. iy oe : _... 602mW 

ESD Classification .........0 0... ccc ccc eee ee eens Class 1 Ceramic LCC Package ....... Ne it aha a 595mW 
Gale Count s.3 osiedeasc hess on besarte eee eas 250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range................. -45°C to +85°C = Sync. Transition Span (t2).......... 1.5 DBP Typical, (Notes 1, 2) 
Operating Voltage Range..............eeeeees +4.5V to+5.5V Short Data Transition Span (t4)....... 0.5DBP Typical, (Notes 1, 2) 
input Rise and Fall Times. ........... 0. cee cece eens 50ns Max __Long Data Transition Span (t5)....... 1.0DBP Typical, Notes 1, 2) 
Zero Crossing Tolerance (tCD5) ... 2.2... ce cece eee (Note 3) 
NOTES: | | 
1. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock 3. The maximum zero crossing tolerance is + 2 ly clock cycles (16X 
Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. mode) or + 6 ly clock cycles (32 mode) from the nominal. 


2. The input conditions specified are nominal values, the actual 
input waveforms transition spans may vary by + 2 |, clock 
cycles (16X mode) or + 6 ly clock cycles (32X mode). 


DC Electrical Specifications Voc = 5.0V + 10%, T, = -40°C to +85° (HD-6409-9) 


SYMBOL PARAMETER | MIN | MAX | UNITS (NOTE 1) TEST CONDITIONS 
Vin Logical “1” Input Voltage | 70%Vec | = - | CV dV = 4.5 


Vii__ [Logical “0” input Voltage | | 20% Voc 
Viun _| Logic “1” Input Voltage (Reset) | Veo -0.5 | >| Voc = 5.5V 
Voc = 4.5V 


Vur___|togic“0" input Voltage (Reset) | =| GND 40.5 | OV 
, 
| A 
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Vite Logical “0” Input Voltage (Clock) 
<a a 


Vou __ [Output HIGH Voltage (All except Ox) _[ Vec-04 [= | V___[lon=-2.0mA, Voc = 4.5V (Note 2) 
[Vou _[Ouput ow vonage (AtrexcertO) [| 04 | V__[lo=#2.0mA, Voc=45V (Note?) 
Standby Power Supply Current aa er Ee Vin = Voc or GND, Voc = 5.5V, 

Outputs Open 
Voc = 5.5V, C, = SOpF 
eae 
NOTES: 
1. Tested as follows: f = 16MHZz, Vix = 70% Voc, Vip = 20%V ec, 2. Interchanging of force and sense conditions is permitted 


Von 2 Voo/2, and Vo, $ Voc/2, Voc = 4.5V and 5.5V. 


Capacitance T, = +25°C, Frequency = 1MHz 
SYMBOL 


Cin | Input Capacitance 


Coyr | Output Capacitance | 2 |r 
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AC Electrical Specifications Vo, = 5.0V + 10%, T, = -40°C to +85°C (HD-6409-9) 


(NOTE 1) TEST CONDITIONS 


te [ea Frequeney 
Me 


> 
o 
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DBP 
DBP 
DBP 
DBP 
DBP 
DBP 
DBP 
DBP 
DBP 
| DBP 


TS High to ECLK Disabled 

TS High to BZO, BOO Disabled 
UDI to SDO, NVM 

RST Low to CDLK, SDO, NVM Low 
RST High to DCLK, Enabled | 


UDI to BZO, BOO 
UDI to SDO, NVM 
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- NOTES: 


1. AC testing as follows: f = 4.0MHZ, Vj, = 70% Voc, Vit = 20%Vec, 3. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock 
Speed Select = 16X, Voy = Voo/2, Vor $ Vec/2, Voc = 4.5V and Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 
5.5V, Input rise and fall times driven at 1ns/V, Output load = 50pF. 


2. Guaranteed via characteristics at initial device design and after 
major process and/or design changes, not tested. 
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HD-6409 


Timing Waveforms 
NOTE: UDI=0, FOR NEXT DIAGRAMS 
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| NOTE: BO! =0; BZI= 1 FOR NEXT DIAGRAMS | 
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Timing Waveforms (Continued) 
ENCODER TIMING (Continued) 
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DECODER TIMING 
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NOTE: Manchester Data In is not synchronous with Decoder Clock. 
Decoder Clock is synchronous with decoded NRZ out of SDO. 
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Timing Waveforms (Continued) 
REPEATER TIMING 
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BHARRIS HD-6409/883 


January 1992 CMOS Manchester Encoder-Decoder 
Features Pinouts 
¢ This Circuit is Processed in Accordance to Mil-Std-883 and is Fully HD1-6409/883 (CERAMIC DIP) 
Conformant Under the Provisions of Paragraph 1.2.1. TOP VIEW 

e Converter or Repeater Mode 
e Independent Manchester Encoder and Decoder Operation BZI 
e Static to One Megabit/sec Data Rate Guaranteed BO! 
e Low Bit Error Rate UDI 
e Digital PLL Clock Recovery SD /CDS 
© On Chip Oscillator ene 
© Low Operating Power: 50mW Typical at +5V sist 
e Available in 20 Pin Dual-In-Line and 20 Pad LCC Package Ge 

tet NVM 
Description 

DCLK 

The HD-6409/883 Manchester Encoder-Decoder (MED) is a high speed, AST 
low power device manufactured using self-aligned_ silicon gate 
technology. The device is intended for use in serial data communication, GND 
and can be operated in either of two modes. In the converter mode, the 
MED converts Nonreturn-to-Zero code (NRZ) into Manchester code and HD4-6409/883 (CERAMIC LCC) 
decodes Manchester code into Nonreturn-to-Zero code. For serial data TOP VIEW 


communication, Manchester code does not have some of the deficiencies 
inherent in Nonreturn-to-Zero code. For instance, use of the MED ona 
serial line eliminates DC components, provides clock recovery, and gives a 
relatively high degree of noise immunity. Because the MED converts the 
most commonly used code (NRZ) to Manchester code, the advantages of 
using Manchester code are easily realized in a serial data link. 


In the Repeater mode, the MED accepts Manchester code input and recon- 
structs it with a recovered clock. This minimizes the effects of noise on a 
serial data link. A digital phase lock loop generates the recovered clock. A 
maximum data rate of 1MHz requires only 50mW of power. 
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Manchester code is used in magnetic tape recording and in fiber optic 
communication, and generally is used where data accuracy is imperative. 
Because it frames blocks of data, the HD-6409/883 easily interfaces to 
protocol controllers. 


Block Diagram Logic Symbol 


NVM ss CLOCK Ox 
SS ane co GENERATOR IX 
DATA 5 BIT SHIFT OUTPUT 
2 sel ee 
o LOGIC i AND DECODE SD -CDS BOO 
in | z 
Be ae ENCODER CTS 
DETECTOR = 
ages saat aie 
RST >-» RESET _MS 
INPUT / RST CONTROL 
SD -CDS OUTPUT Se 
SELECT SDO BOI 
DCLK BZl 
Ms NVM UDI 
Ix ECLK oS 
ox DCLK SRST DECODER 
co “ij 
ss 
Copyright © Harris Corporation 1992 File Number 2959 
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Specifications HD-6409/883 


Absolute Maximum Ratings | Reliability Information 

Supply Voltage ..........0seeaee futdos Marrs an nae eee +7.0V Thermal Resistance 8ja Bic 

input, Output or I/O Voltage Applied..... GND-O.5V to VCC+0.5V Ceramic DIP Package .............-. 83°C/W 239C/W 

Storage Temperature Range ..............+.. ~65°C to +150°C Ceramic LCC Package ............. 849C/W 249C/W 

Junction Temperature ......... 0c. ccc ce cee cee e ences +1759C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10 S@C)......... cece ee eee +300°9C Ceramic DIP Package ............ cece cece ccc ceecees 602mW 

ESD Classification.<¢ccsv edd ches ace each eraeen teens Class 1 Ceramic LCC Package ...... 2... ccc cece cence rece 595mW 
Gale Count sich ovis eoerdneccewes yes ky Alsen nies ou 250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range ............... -55°C to+1259C Sync. Transition Span (t2)........... 1.5 DBP Typical, (Notes 1, 2) 
Operating Voltage Range ........... ccc cee eens +4.5Vto+5.5V Short Data Transition Span (t4) ...... 0.5 DBP Typical, (Notes 1, 2) 
Input Rise and Fall Times ......... 0. ccc cece cece eee 50ns Max __ Long Data Transition Span (t5)....... 1.0 DBP Typical, (Notes 1, 2) 

Zero Crossing Tolerance (t(CD5) ......... ccc cece ee ee eee (Note 3) 


NOTES: 1. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 


2. The input conditions specified are nominal values, the actual input waveforms transition spans may vary by + 2 ly clock cycles (16X mode) or + 6 
lx clock cycles (32X mode). 
3. The maximum zero crossing tolerance is + 2 ly clock cycles (16X mode) or + 6 ly clock cycles (32 mode) from the nominal. 


TABLE 1. HD-6409/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
IMIT. 
anoUeE 
SUBGROUPS| TEMPERATURE | MIN | MAX — UNITS 


PARAMETER SYMBOL CONDITIONS 
Logic ‘1’ Input Voltage VIH | VCC=4.5V -55°C <Ta <+1259C | 70% 


Logic ‘0’ Input Voltage vil |vcc=4.5v -55°C < Ta < +125°C 


Logic ‘1’ Input Voltage VIHR VCC = 5.5V 1,2,3 -559C <Ta <+1259C | VCC 
(Reset) -0.5 
Logic ‘0’ Input Voltage VILR | VCC =4.5V -559C < Ta < +1259C 
(Reset) 
Logic ‘1’ Input Voltage VIHC | VCC =5.5V -559C <Ta<+1259C | VCC 
(Clock) -0.5 
Logic ‘0’ Input Voltage VILC |VCC=4.5V ~559C <Ta <+1259C 
(Clock) 
Input Leakage Current VIN = VCC or GND -559C <Ta<+1259C |] -1.0 
(Except lx) VCC = 5.5V 
VIN = VCC or GND -559C <Ta < +1259C -20 
VCC = §.5V 


20%VCC V 


GND 
+0.5 | | 


V 


GND 
+0.5 


V 
+1.0 pA 


+2 


od 
> 


4 
oO 


+ 


~559C <Ta<+125°C | VCC 
-55°C <Ta < +125°C 


-55°C < Ta < +1259C 


Output HIGH Voltage VOH 1OH = -2.0mA 
(All except Ox) VCC = 4.5V (Note 1) 


VIN = VCC or GND, 
VCC = 5.5V, 
Outputs Open 


1,2,3 


= 
> 


Standby Power Supply 
Current 


1 
1 
VCC =5.5V 


3 
> 


Operating Power iCCOP 
Supply Current 


f = 16.0MHz, 
VIN = VCC or GND 


VCC = 5.5V, CL = 50pF ta 


(Note 2) | 7,8 | -85°C <Ta< +12500 


NOTES: 1. Interchanging of force and sense conditions is permitted. 
2. Tested as follows: f = 16MHz, VIH = 70% VCC, VIL = 20% VCC, VOH > VCC/2, and VOL < VCC/2, VCC = 4.5V and 5.5V. 


-559C < Ta < +125°C 


,2,3 
,2,3 
,2,3 
12,3 
,2,3 
,2,3 
,2,3 
,2,3 
,2,3 
7,8 


Functional Test 


i < 
re) (@) 
& (@) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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TABLE 2. HD-6409/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


(NOTE 1) GROUP A 
CONDITIONS SUBGROUPS 


Te oc peamemenaaell 


DCLK to SDO, 


NOTES: 1. AC Testing as follows: f = 4.0MHz, VIH = 70% VCC, VIL = 20% VCC, Speed Select = 16X, VOH > VCC/2, VOL < VCC/2, VCC = 4.5V and 5.5V, 
input rise and fall times driven at 1ns/V, Output load = 50pF. 


TABLE 3. HD-6409/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


input Capacitance VCC = Open, f = 1MHz 1 


All Measurements 
{/O Capacitance are referenced to 
device GND 


Output Rise Time From 1.0 to 3.5V 
{All except Clock) CL = 50pF 
Output Fall Time From 3.5 to 1.0V 
{All except Clock) CL = 50pF 


Clock Output Rise Time 
From 3.5 to 1.0V 1, 
CL = 20pF 


~ 
5 
q = 
rE 
< 

O60 
“n> 
os 
=> 
Os 
oO 
© 


— 
® 


? 


—_ 
.o) 


1 


1 


1 


_ 
@ 


1 


ae 
2 
3 
3 
3 
3 
3 
3 


1, 
-55°C < Ta < +125°C 


-559C < Ta <+125°9C 


-55°C < Ta < +125°C 


1 


= 
Qo 


, 


NOTES: 1. The parameters listed in table 3 are controlled via design or process parameters and are not directly tested. 
2. Guaranteed via characteristics at initial device design and after major process and/or design changes. 
3. OBP-Data Bit Period, Ciock Rate = 16X, one DBP = 16 Clock Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


5-123 


Specifications HD-6409/883 


“TABLE 4. APPLICABLE SUBGROUPS 


ee 
a 
NE MNRAS NINE NN 
eC CN 


Burn-In Circuits 


HD-6409/883 CERAMIC DIP HD-6409/883 CERAMIC LCC 
R1 O2 0 oO 
vcc 1 | 20) VCC a 
R1 
GND B 79 A 
R1 
F4 A ELLE 
NV 3 18 = 
GND | 4 | GND 
A A Ri 
ei ie R1 GND 
A G 15] GND x R1 
R1 
A GND A 
. R1 
A [s. is AA 
R1 R1 A R1 
VCC 9 | FO 
10 41] A 
\/ es = 
vcC = . 
e \/ 
1 O qq oO< 
.: 
S 
A 
R1 Vcc 
R1 
A 
R1 
NOTES: NOTES: 
VCC = 5.5V +0.5V VCC = 5.5V +0.5V 
VIH = 4.5V +10% VIH = 4.5V +10% 
VIL = -0.2V to 0.4V | VIL = -0.2V to 0.4V 
R1 = 47kN +5% : R1 = 47K +5% 
FO = 100kHz +10% FO = 100kHz +10% 


F4 = FO0/16 F4 = FO/16 
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Metallization Topology 
DIE DIMENSIONS: 
88 x 78 x 19 +1 mils 


METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: Metal 1: 8kA + 1kA 
Metal 2: 16kA + 1kA 


GLASSIVATION: 
Type: SigNg ® SiOx 
Thickness: 10KA + 2kA 


DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
0.8 x 105 A/cm2 


Metallization Mask Layout 


SD/CDS 
SDO 
SRST 
NVM 


DCLK 


HD-6409/883 


BO! BZI vcc BOO 


no BZO 


a 


5 


kL 


SS 


al 
sale 


Ai 
f 
ol 


ECLK 


wo 


i 


| 

= — 
a 

£ Ss) fis 


if 


i a 


CTS 


== 
ZT -' . 
a7 


la 


MS 


66EE 
L. St ors 
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Packaging 
20 PIN CERAMIC DIP 


.940 


990 
.005 MIN 


| .150 MIN 
.080 MAX 


.015 
.060 @ 
125 15° 
.180 « .100 
.023 : 
.050 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, 
GDIP1-T20 


MATERIALS: Compliant to MIL-M-38510 


20 PAD CERAMIC LCC 


COMPLIANT OUTLINE: MIL-STD-1835, 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 CQCC1-N20 


NOTE: All Dimensions are a , Dimensions are in inches. 
ax 
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HD-15530 


CMOS Manchester Encoder-Decoder 


January 1992 


Features Pinouts 
e Support of MIL-STD-1553 24 LEAD DIP 
© Data Rate acess can sea crates CA sencisteueecas 1.25 MBit/s TOP VIEW 


e Sync Identification and Lock-In 

© Clock Recovery 

e Manchester Il Encode, Decode 

e Separate Encode and Decode 

© Low Operating Power ...........cccecccccccccens 50mW @ 5 Volts 


Description 

The Harris HD-15530 is a high performance CMOS device intended to 
service the requirements of MIL-STD-1553 and similar Manchester II 
encoded, time division multiplexed serial data protocols. This LSI chip is 
divided into two sections, an Encoder and a Decoder. These sections oper- 
ate completely independent of each other, except for the Master Reset 
functions. 


This circuit meets many of the requirements of MIL-STD-1553. The 
Encoder produces the sync pulse and the parity bit as well as the encoding 
of the data bits. The Decoder recognizes the sync pulse and identifies it as 
well as decoding the data bits and checking parity. 


This integrated circuit is fully guaranteed to support the 1MHz data rate of 
MIL-STD-1553 over both temperature and voltage. It interfaces with CMOS, 
TTL or N channel support circuitry, and uses a standard 5 volt supply. 


VALID WORD | 1 | 
ENCODER SHIFT CLK | 2 | 
TAKE DATA | 3 | 
SERIAL DATA OUT | 4 | 
DECODER CLK | 5 | 
BIPOLAR ZERO IN | 6 | 
BIPOLAR ONE IN 18} 
UNIPOLAR DATA IN | 8 | BIPOLAR ONE OUT 
DECODER SHIFT CLK | 9 | 16} OUTPUT INHIBIT 
COMMAND / DATA SYNC [10] 115] BIPOLAR ZERO OUT 
DECODER RESET |11) + 6 OUT 
GND |12| 113] MASTER RESET 


ENCODER ENABLE 
SERIAL DATA IN 


28 LEAD LCC 
TOP VIEW 


DECODER CLK [5! [28 SEND DATA 
; P buts NG [6 24 NC 
The HD-15530 can also be used in many party line digital data ie 4 nc 
communications applications, such as an environmental control system BIPOLAR ZERO w [8 (4 SYNG SELECT 
driven from a single twisted pair cable of fiber optic cable throughout the SOLA ONE IN [3 @ ENCOGEH ENABLE 
UNIPOLAR DATA IN [1C [20 SERIAL DATA IN 
fis 


building. 


< 
_ 
a 

Ordering Information CE eo eine 
g 248 ¥ sli a 
| _packace __| _TemPRANGE _|__1.25MeGaBIT/s _| He nak 2 
Ceramic DIP gg 5 aad 


-559C to +1259C 


HD1-15530-8 
7802901JA 
-40°C to +85°C HD4-15530-9 


-§59C to +125°9C HD4-15530-8 
78029013A 


SMD # 
LCC 


DECODER SHIFT CLOCK BIPOLAR ONE OUT 


ees Fe9 ews PO 
4 ‘| aris: 


Block Diagrams 
ENCODER DECODER 
GND Voc UNIPOLAR 
te A DATA IN TAKE DATA 
MASTER RESET — BIPOLAR TRANSITION CHARACTER 
as ONE IN FINDER IDENTIFIER 


16 BIPOLAR 
ZERO IN 


DECODER 
BIPOLAR CLK 


MASTER 


3 
2 RESET 


BIT 
COUNTER 
2 


ENCODER 
SHI 


SERIAL 
DATA IN 


SYNC 
SELECT 


ENCODER 
ENABLE 
CLK 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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SYNCHRONIZER 


COMMAND / DATA 
SYNC 


SERIAL 
DATA OUT 


VALID 
WORD 


DECODER 
SHIFT 
CLK 


DECODER 
RESET 


2960 


File Number 


COMMUNICATIONS 


HD-15530 


Pin Description 


PIN 
NUMBER |TYPE | ie | SECTION DESCRIPTION 


VALID WORD Decoder | Output high indicates receipt of a valid word, (valid parity and no Manchester 
errors). 
ENCODER SHIFT Encoder | Output for shifting data into the Encoder. The Encoder samples SDI on the 
CLOCK low-to-high transition of Encoder Shift Clock. 
TAKE DATA Decoder | Output is high during receipt of data after identification of a sync pulse and two 
valid Manchester data bits. 


SERIAL DATA OUT Delivers received data in correct NRZ format. 


DECODER CLOCK Input drives the transition finder, and the synchronizer which in turn supplies 


the clock to the balance of the decoder, input a frequency equal to 12X the 
data rate. 
BIPOLAR ZERO IN 
BIPOLAR ONE IN Decoder 


UNIPOLAR DATA IN | Decoder 


A high input should be applied when the bus is in its negative state. This pin must 
be held high when the Unipolar input is used. 


7 A high input should be applied when the bus is in its positive state. This pin must 


be held low when the Unipolar input is used. 


With pin 6 high and pin 7 low, this pin enters unipolar data into the transtition 
finder circuit. If not used this input must be held low. 


Output of a high from this pin occurs during output of decoded data which was 
preceded by a Command (or Status) synchronizing character. A low output 
indicates a Data synchronizing character. 


A high input to this pin during a rising edge of DECODER SHIFT CLOCK resets 
the decoder bit counting logic to a condition ready for a new word. 


Ahigh on this pin clears 2:1 counters in both Encoder and Decoder, and resets the 
+ 6 circuit. 


_ af au i — 
GT Pe — (o) 


BIPOLAR ONE OUT An active low output designed to drive the one or positive sense of a bipolar 
line driver. 


ne) 


pan =| a = 
_ i<o] NT O& 14] 


23 


ENCODER CLOCK Input to the 6:1 divider, a frequency equal to the data rate X12 is usually input here. 


Voc Both Vcc is the +5V power supply pin. A 0.1 uF decoupling capacitor from Voc (pin 24) 
. to GROUND (pin 12) is recommended. 


|= Input O = Output 
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Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by 
dividing the DECODER CLOCK. 


The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK @. 
This cycle lasts for one word length or twenty ENCODER 
SHIFT CLOCK periods. At the next low-to-high transition of 
the ENCODER SHIFT CLOCK, a high SYNC SELECT input 
actuates a command sync or a low will produce a data sync 
for the word @. When the Encoder is ready to accept data, 
the SEND DATA output will go high and remain high for 
sixteen ENCODER SHIFT CLOCK periods ©. During these 
sixteen periods the data should be clocked into the SERIAL 
DATA input with every high-to-low transition of the 


TIMING | | 


ENCODER SHIFT CLOCK so it can be sampled on the low- 
to-high transition @ - @. After the sync and Manchester II 
coded data are transmitted through the BIPOLAR ONE and 


BIPOLAR ZERO ottputs, the Encoder adds on an addi- 


tional bit which is the parity for that word ©. If ENCODER 
ENABLE is held high continuously, consecutive words will 
be encoded without an interframe gap. ENCODER ENABLE 
must go low by time © as shown to prevent a consecutive 


word from being encoded. At any time a low on OUTPUT 


INHIBIT input will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 


To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Anytime after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 


| 5 | 1 | 17 | w | 19 | | | 


oor bl We el oe eh i ee eae ae ee 
SHIFT CLOCK 
ENCODER ENABLE NNEC 
sync setect MOWAT YOM EEO, AMAA 
ae ee 


SEND DATA 


SERIAL DATA IN fe fe] sleypuo, Tero) 


BIPOLAR ONE OUT 


BIPOLAR ZERO OUT 
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Decoder Operation 


The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DECODER 
CLOCK input. The Manchester Il coded data can be 
presented to the Decoder in one of two ways. The BIPOLAR 
ONE and BIPOLAR ZERO inputs will accept data from a 
comparator sensed transformer coupled bus as specified in 
Military Spec 1553. The UNIPOLAR DATA input can only 
accept non-inverted Manchester Il coded data. (e.g. from 
BIPOLAR ONE OUT of an Encoder through an inverter to 
Unipolar Data Input). 


The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized @, the type of sync is indicated on 
COMMAND/DATA SYNC output. If the sync character was 
a command sync, this output will go high @ and remain 
high for sixten DECODER SHIFT CLOCK periods ©, other- 
wise it will remain low. The TAKE DATA output will go high 
and remain high © - © while the Decoder is transmitting 
the decoded data through SERIAL DATA OUT. The 


TIMING | 


DECODER 
SHIFT CLOCK 


BIPOLAR ONE IN 


BIPOLAR ZEROIN 
TAKE DATA 


COMMAND/DATA SYNC 


SERIAL DATA OUT 


VALID WORD 


aye) 


decoded data available at SERIAL DATA OUT is in NRZ 
format. The DECODER SHIFT CLOCK is provided so that 
the decoded bits can be shifted into an external register on 
every low-to-high transition of this clock @ - ©. Note that 
DECODER SHIFT CLOCK may adjust its phase up until the 
time that TAKE DATA goes high. 


After all sixteen decoded bits have been transmitted © 
the data is checked for odd parity. A high on VALID WORD 
output @ indicates a successful reception of a word without 
any Manchester or parity errors. At this time the Decoder is 
looking for a new sync character to start another output 
sequence. VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown @. 


At any time in the above sequence a high input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini- 
tialize the Decoder to start looking for a new sync character. 


| w | 17 | w | 19 | | | | 
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How to Make Our MTU Lock Like a Manchester Encoded UART 
ZERO IN 
== 
—— 
ONE IN a 


UNIPOLAR ps 
DATA IN a 
COMMAND 
=| fo 
RESET i 


AB CK H— AB CK Oy SHAD CKSI [ Oy SHAD CK 
CES TAS Wives f esa66 


PARALLEL OUT PARALLEL IN 


Ht | SRE 
INHIBIT 
J u OUTPUT 


BIPOLAR 
ZERO OUT 


MASTER 
RESET 


Typical Timing Diagrams for a Manchester Encoded UART 


ENCODER TIMING % 

aes yo ________________________-W c F 
sncseucct, IVT LI I LL LLL I a9 
eanausem — NSPLILILOLI LILI IIIT TT TDI S 2 

O 

© 


BIPOLAR ONE OUT i Pp 
0 OUT I an 
BIPOLAR ZER i, 
oa \ a /| ay 


BIPOLAR ONE IN 


BIPOLAR ZERO IN 


COMMAND SYNC 
PARALLEL OUT VALID VALID 
VALIO WORD FROM 
PREVIOUS RECEPTION 
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MIL-STD-1553 


The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. | | | 


The HD-15530 ‘supports the full bipolar configuration, as- 
suming a bus driver configuration similar to that in Figure 1. 
Bipolar inputs from the bus, like Figure 2, are also 
accomodated. 


The signaling format in MIL-STD-1553 is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by a central control unit by means of Command 


BUS 


ue 


“190” 


FIGURE 1. SIMPLIFIED MIL-STD-1553 DRIVER 


COMMAND 
SYNC 


DATA 
SYNC | 


BIT BIT BIT 
PERIOD | PERIOD | PERIOD |. 


LOGICAL ONE DATA 


LOGICAL ZERO DATA -- 


FIGURE 3. MIL-STD-1553 CHARACTER FORMATS 


Words. Terminals respond with Status Words. Each word is. 
preceded by a synchronizing pulse, and followed by parity 
bit, occupying a total of 2Oyusec. The word formats are 


' shown in Figure 4. The special abbreviations are as follows: 


P Parity, which is defined to be odd, taken across all 
17 bits. 7 
R/T Receive on logical zero, transmit on ONE. 


ME 


TF Terminal Flat, if set, calls for controller to request 
_ self-test data. | 


Message Error if logical 1. 


The paragraphs above are intended only to suggest the 
content of MIL-STD-1553, and do not completely describe 
its bus requirements, timing or protocols. 


As 


FIGURE 2. SIMPLIFIED MIL-STD-1553 RECEIVER 


a | or 


> 


wae REF 


“0” REF 


"0" 


fof af2ts}a}s{e] 7] 8] jrofia{12}13}14] 15] 16]17] 18] 19 


COMMAND WORD (FROM CONTROLLER TO TERMINAL) 


sync | TERMINAL | | SUBADDREss | DATA WORD. |p| 
ADDRESS j,,,  /MODE COUNT 


DATA WORD (SENT EITHER DIRECTION) . 


SYNC | DATA WORD | p | 


STATUS WORD (FROM TERMINAL TO CONTROLLER) 


sync| TERMINAL | | cope FoR FAILURE moDES |TF| P |: 
AppREss | 


FIGURE 4. MIL-STD-1553 WORD FORMATS 


NOTE: This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HD-15530. 
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Absolute Maximum Ratings 


BUDDIY VONAGE. se yc sitet sake eevee at bashes bene ueewnk +7.0V 
Input, Output or !/O Voltage Applied ...... GND-0.3V to Voct+0.3 
Storage Temperature Range ............0..085 ~659C to +150°9C 
Junction Temperature ....... 0.0... ce cee cece ccc e cece +175°C 
Lead Temperature (Soldering 10 sec) .................- +300°0C 
ESD ClaSSitiGation si.ncikcivwieae vekoee dans vere reese Class 1 


Reliability Information 


Thermal Resistance 8ja Bic 
Ceramic DIP Package.............. 50.49C/W ss 11.79C/W 
Ceramic LCC Package ............. 71.19C/W  16.89C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ......... 2... cece ce cee eens 992mW 
Ceramic LCC Package ....... ccc cc cece reece ete ceees 7O3mMW 

Gale Count .ucct sana s wc aeeeeietse canes ae owaee kes 456 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply VOltAg6 cis os caadweewenatveess ous +4.5V to +5.5V 
Temperature Range (Ta) 
AMDH=155S0-9 schists lies dealwaeseecaee ses -40°C to +85°9C 
HD+ 1553046) siwitccia wv eben tae wad wean -55°C to +125°C 
Encoder/Decoder Clock Rise Time ...............0000. 8ns Max 
Encoder/Decoder Clock Fall Time ......... 0.0. cc eeees 8ns Max 


Sync Transition Span (TD2) .............. 18 TDC Typical (Note1) 
Short Data Transition Span (TD4) ......... 6 TDC Typical (Note1) 
Long Data Transition Span (TD5) ......... 12 TDC Typical (Note1) 


DC Electrical Specifications Vcc = 5V + 10%, Ta = -40°C to +85°C (HD-15530-9) 
Ta = -55°C to +125°C (HD-15530-8) 


Output LOW Voltage 
Output HIGH Voltage 


Input Leakage Current 


NOTES: 

1. TDC = Decoder clock period = 1/FDC 

2. Interchanging of force and sense conditions is permitted. 

3. Tested as follows: = f = 15MHz, Vipy = 70% Voc, Vi_ = 20% Voc, 
Cy = SOpF, Voy = 1.5V and Vo, < 1.5V. 


Capacitance T, = +25°C; Frequency = 1MHz 


SYMBOL 


TEST CONDITIONS 


a er 
Tv feg=asventsey 
[veg =asvantsay 


loL = 1.8mA (Note 2), Vcc = 4.5V 


VIN = Vcc = 5.5V Output Open 


Voc = 5.5V, Vin = Voc, f = 15MHz, 
Outputs Open 


es 


V 

V 

Vv 

V 

V 

Vv IOH = -3mA (Note 2), Voc = 4.5V 
pA 
mA 
mA 


FA Vi = GND or Voc, Vcc = §.5V 


CIN Input Capacitance All measurements are referenced 


a, to device GND 
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AC Electrical Specifications Voc = 5V + 10%, Ty = -40°C to +85°C (HD-15530-9) 


T, = -55°C to +125°C (HD-15530-8) 
PARAMETER 


ENCODER TIMING ; 
FEC Encoder Clock Frequency 
FESC | 
FED Encoder Data Rate 
Master Reset Pulse Width 
TE1 Shift Clock Delay 
TE2 Serial Data Setup 
TES Serial Data Hold 
TE4 Enable Setup 
TES Enable Pulse Width 
TE6 Sync Setup 
TE7 Sync Pulse Width 
TE8 Send Data Delay 
TE9 Bipolar Output Delay 
TE10 Enable Hold 
| Sync Hold 


TEST CONDITIONS (NOTE 2) 


Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Vec = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 


Send Clock Frequency 


iy 
or 


S 


an NIN 
aia 


TE11 
DECODER TIMING 
FDC 


Vec = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF | 
Voc = 4.5V and 5.5V, C, = 50pF 
Veco = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 


‘Decoder Clock Frequency 
Decoder Data Rate 

TOR Decoder Reset Pulse Width 
TORS 
TDRH 
TMR Master Reset Pulse 

TO1 Bipolar Data Pulse Width 


“N 
oi 


Decoder Reset Setup Time 


Decoder Reset Hold Time 


TDC + 10 
(Note 1) 


TD3 One Zero Overlap TDC - 10 


(Note 1) 


Voc = 4.5V and 5.5V, C, = 50pF 


TD6 Sync Delay (ON) 

TD7 Take Data Delay (ON) 
TD8 Serial Data Out Delay 
TD9 Sync Delay (OFF) 
TD10 Take Data Delay (OFF) 
TD11 Valid Word Delay 


Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Veco = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 


ak 
wh, 
© 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 


2. AC Testing as follows: Input levels: Vi, = 70% Vec, Vi, = 20% 
Voc; Input rise/fall times driven at 1ns/V; Timing Reference 
levels: 1.5V; Output load: C, = 50pF. 
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Timing Waveforms 


ENCODER TIMING 


SEND CLOCK 


ENCODER SHIFT CLOCK 
SERIAL DATA IN 


SEND CLOCK 


ENCODER SHIFT CLOCK 


ENCODER ENABLE 
SYNC SELECT 


ENCODER SHIFT CLOCK 


TE8 


SEND DATA 


SEND CLOCK eee Wa ee ee 


aces gaat, Go — TES 
BIPOLAR ONE OUT or 
BIPOLAR ZERO OUT 
DECODER TIMING 
DECODER SHIFT CLOCK | | | | 
owas TDG 
COMMAND/DATA SYNC 


TAKE DATA | 


(¢p) 

5 
 - 
Ee 
ac 
O9 
os 
a 
os 
Oo 
© 


DECODER SHIFT CLOCK L = eae eed Pee Ste ete ce 
To8-- pees 
SERIAL DATA OUT DATA BIT 


DECODER SHIFT CLOCK | | 
Tp9-~ 


COMMAND/DATA SYNC 


TAKE DATA | 
VALID WORD To11—+ -—- 


OECODER SHIFT CLOCK | a 


DECODER RESET Tor 
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Timing Waveforms (Continued) 


| DECODER TIMING (Continued) 


NOTE: UNIPOLAR IN = 0, FOR NEXT DIAGRAMS 


|~——- BIT PERIOD >} BIT PERIOD ————»] + BIT PERIOD ———_> 
t 


BIPOLAR ONE IN Tp1 l 


| }~—______—_— Tp2 ke Tp3 =| -Tp3 
BIPOLAR ZEROIN : D1 
3 | $$ oz 
COMMAND SYNC 
: : 3 : 
BIPOLAR ONE IN —! ' D1 
SS et Tp3 
BIPOLAR ZERO IN TD 
: 3 ae a 
DATA SYNC 
' ' - 
BIPOLAR ONEIN [Ztp, ' Tpt 
1 i-Tp3 1 k-Tp3 1 K-Tp3 —~{l-—Tp3 = + Tp3 
BIPOLAR ZERO IN TD1 
}-~-— Tpa —-}{<____— Tps >} -—______. Tos > |~——. Tpa ——~| 
ONE ZERO ONE 
NOTE: BIPOLAR ONE IN = 0; BIPOLAR ZERO IN = 1, FOR NEXT DIAGRAMS. ! 
UNIPOLAR IN To2 : Tp2 
' COMMAND SYNC! 
; ' 1 
UNIPOLAR IN To2—— ——— Tp2 
' ' t t 
DATA SYNC 
4 1 t 
UNIPOLAR IN Tps Tos Tos Tp4 Tp4 
ONE ZERO ONE ONE 
Test Load Circuit | | AC Testing Input, Output Waveform 
DUT 
| INPUT OUTPUT 
C,* Vin Vou 
50% 50% 
Vw Vo 
*Includes stray and jig capacitance AC Testing: All input signals must switch between V, and Vj. Input 


rise and fall times are driven at ins per volt. 
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HD1-15530 CERAMIC DIP 


ts 


ireul 


Burn-In C 


Voc 
FO 

A 
GND 
Voc 
GND 
Voc 
GND 


& ESESé ee -— 
Jada tah 


Hiesiet le} le. eae 


R1 
R1 
R1 


SNOLLVOINNAWOD 


VLvd SOWS 


Voc 


HD4-15530 CERAMIC LCC. 


-0.2V to +0.4V 
R1 = 47KQ + 5% 


FO = 100kHz + 10% 


NOTES: 

Voc = 5.5V + 0.5V 
Vin = 4.5V + 10% 
ViL 

C1 = 0.01nF Min. 


R2 


tS ES LO 


i) 
be 


C1 


R2 

R2 

R2 

ie 

ft a 
RS 

R2 


GND 
GND 
GND 


Voc = 5.5V + 0.5V 
Vin, = 4.5V + 10% 


NOTES: 
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GND 
GND 


Vit. = -0.2V to +0.4V 
R2 = 1.8KQ + 5% 
FO = 100KHz + 10% 
C1 = O.0nF Min. 


HD-15530 


Metallization Topology 


Material: Gold Silicon Eutectic Alloy 
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O 
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Oo 
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. 
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Ceramic LCC — 420°C (Max) 


Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 


of 

x 

N 

+ 
ee Of 
a. = 
OF 
ait % 
NG % 
43% 
< Sc 
Tees 
s 


1.8 x 105A/cm2 
LEAD TEMPERATURE (10 seconds soldering): 


GLASSIVATION: 


<2750C 


+ 1kA 


Type: Si02 
Thickness: 8kA 


Metallization Mask Layout 
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TAKE DATA 
SERIAL DATA OUT EE 
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Stine in ree | =" 


oe ee EF 


BIPOLAR ZERO IN 
BIPOLAR ONE IN 
UNIPOLAR DATA IN 

DECODER SHIFT CLK EEE E 


BIPOLAR ZERO OUT 


} 
Commanpypata sync. Et “ya 


MASTER 


GND 


DECODER RESET 


RESET 
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aw HARRIS HD-15531 


CMOS Manchester Encoder-Decoder 


January 1992 
Features Description 
¢ Support of MIL-STD-1553 The Harris HD-15531 is a high performance CMOS device 
intended to service the requirements of MIL-STD-1553 and 
Data Rate (155318) ......-+-2ssee 2.5 Megabit/Sec similar Manchester Il encoded, time division multiplexed 
e Data Rate (15531)................ 1.25 Megabit/Sec _ serial data protocols. This LSI chip is divided into two sec- 


Variable Frame Length to 32-Bits 
¢ Sync Identification and Lock-In 
e Separate Manchester Il Encode, Decode 


¢ Low Operating Power ............. 50mW @ 5 Volts 


Ordering Information 
pees See ee eee eee 
raacor [aocware | - [reosssnos 


Ceramic DIP | 40°C to 485°C | to +85°C HD1-15531-9 | HDI 5531B-9 


Gated to — HD1-15531-8 | HD1-15531B-8 
HD1-15531/ HD1-15531B/ 
883 883 


“Respective /883 specifications are included at the end of this 


tions, an Encoder and a Decoder. These sections operate 
independently of each other, except for the master reset and 
word length functions. This circuit provides many of the 
requirements of MIL-STD-1553. The Encoder produces the 
sync pulse and the parity bit as well as the encoding of the 
data bits. The Decoder recognizes the sync pulse and identi- 
fies it as well as decoding the data bits and checking parity. 


The HD-15531 also surpasses the requirements of MIL- 
STD-1553 by allowing the word length to be programmable 
(from 2 to 28 data bits). A frame consists of three bits for 
sync followed by the data word (2 to 28 data bits) followed by 
one bit of parity, thus the frame length will vary from 6 to 32 
bit periods. This chip also allows selection of either even or 
odd parity for the Encoder and Decoder separately. 


This integrated circuit is fully guaranteed to support the 
1MHz data rate of MIL-STD-1553 over both temperature and 
voltage. For high speed applications the 15531B will support 
a 2.5 Megabit/sec data rate. 


datasheet The HD-15531 can also be used in many party line digital 2 
data communications applications, such as a local area zQO 
network or an environmental control system driven from a Ke re 
single twisted pair of fiber optic cable throughout a building. a0 

: wn” =z 

Pinout | 40 LEAD DIP 2 = 

TOP VIEW Os 
Oo 
Vee L1) COUNT C, o 
VALID worp [2 | = COUNT C, 


TAKE DATA’ 3, 

TAKE DATA | 4| 

SERIAL DATA OuT L5. 
SYNCHR DATA | 6 | 
SYNCHR DATA SEL 
SYNCHR CLK [8 | 
DECODER CLK | 9. 
SYNCHR CLK SEL [10] 
BIPOLAR ZERO IN |11| 
BIPOLAR ONE IN [12 
UNIPOLAR DATA IN [13] 
DECODER SHIFT CLK [14 
TRANSITION SEL [15] 

NC [16 

COMMAND SYNC 
DECODER PARITY SEL [18 
DECODER RESET [19) 
COUNT Cy [20 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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OUTPUT INHIBIT 
BIPOLAR ZERO OUT 


File Number 2961 


HD-15531 


Block Diagrams 
ENCODER 
GND. Vc 
MASTER RESET 
OuTPUT 
a SEND CLK IN fl INHIBI 
| CHARACTER ONE OUT 
FORMER 
25. BIPOLAR 
ENCODER ERO O 
BIT 
COUNTER 
32 1 34| 26] 29] 30] 31 
20} 40} 23] 36] 39 SEND SERIAL SYNC 
DATA DATA IN SELECT 
Co Cy Co Cg 
. ENCODER ENCODER ENCODER 
SHIFT ENABLE PARITY 
CLK SELECT 
DECODER 
SYNCHRONOUS ._7 8_, SYNCHRONOUS 
DATA SELECT DATA 
UNIPOLAR 4 
DATA IN TAKE DATA 
BIPOLAR TRANSITION CHARACTER [17 
OIONE IN | DATA SYNC 
5. SERIAL 
| DATA OUT 
9 
act GLocK BIT ae 2. VALID WORK 
CLK SELECT 
SYNCHRONOUS ._ 8 
CLK 14. DECODER 
SYNCHRONOUS , 10 SHIFT CLK 
CLK SELECT 
MASTER < 22 
RESET 
DECODER . 19] | BIT 3 
RESET COUNTER TAKE DATA 


20] 40] 23] 36] 39 
Co Cy Co Co % 
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PIN 


{= Input 


VALID WORD 
TAKE DATA’ 


TAKE DATA 


SERIAL DATA OUT 


SYNCHRONOUS 
DATA 


SYNCHRONOUS 
DATA SELECT 


SYNCHRONOUS 
CLOCK 


DECODER 
CLOCK 


SYNCHRONOUS 
CLOCK SELCT 


BIPOLAR ZERO IN 
BIPOLAR ONE IN 


UNIPOLAR 
DATAIN 


DECODER SHIFT 
CLOCK 


TRANSITION 
SELECT 


N.C. 
COMMAND SYNC 


DECODER 
PARITY SELECT 


DECODER RESET 


COUNT CO 
GROUND 
MASTER RESET 


COUNT C2 

+6 OUT 
BIPOLAR ZERO 
OUT 

OUTPUT INHIBIT 
BIPOLAR ONE 
OUT 

SERIAL DATAIN 


ENCODER 
ENABLE 


SYNC SELECT 


ENCODER 
PARITY SELECT 


SEND DATA 
SEND CLOCK IN 


ENCODER SHIFT 
CLOCK 


N.C. 

COUNT C3 
ENCODER CLOCK 
DATA SYNC 


COUNT C4 
COUNT C1 


O = Output 


Pin Description HD-15531 


Both 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Decoder 


Blank 


Decoder 


Decoder 


Decoder 


Both 
Both 
Both 


Both 
Encoder 
Encoder 


Encoder 
Encoder 


Encoder 
Encoder 


Encoder 
Encoder 


Encoder 
Encoder 
Encoder 


Blank 
Both 
Encoder 
Decoder 


Both 
Both 


Positive supply pin. A 0.1F decoupling capacitor from Voc (pin 1) to GROUND 
(pin 21) is recommended. 


Output high indicates receipt of a valid word, (valid parity and no Manchester errors). 


A continuous, free running signal provided for host timing or data handling. When 
data is present on the bus, this signal will be synchronized to the incoming data and 
will be identical to take data. 


Output is high during receipt of data after identification of a valid sync pulse and two 
valid Manchester bits. 


Delivers received data in correct NRZ format. 


Input presents Manchester data directly to character identification logic. 
SYNCHRONOUS DATA SELECT must be held high to use this input. If not used this 
pin must be held high. 


In high state allows the synchronous data to enter the character identification logic. 
Tie this input low for asynchronous data. 


Input provides externally synchronized clock to the decoder, for use when 
receiving synchronous data. This input must be tied high when not in use. 


Input drives the transition finder, and the synchronizer which in turn supplies the 
clock to the balance of the decoder. Input a frequency equal to 12X the data rate. 


In high state directs the SYNCHRONOUS CLOCK to control the decoder character 
identification logic. A low state selects the DECODER CLOCK. 


Ahigh input should be applied when the bus is in its negative state. This pin must be 
held high when the unipolar input is used. 


A high input should be applied when the bus is in its positive state. This pin must be 
held low when the unipolar input is used. 


With pin 11 high and pin 12 low, this pin enters unipolar data into the transition finder 
circuit. If not used this input must be held low. 


Output which delivers a frequency (DECODER CLOCK + 12), synchronous by the 
recovered serial data stream. 


A high input to this pin causes the transition finder to synchronize on every transition 
of input data. A low input causes the transition finder to synchronize only on 
mid-bit transitions. 


Not connected. 


Output of a high from this pin occurs during output of decoded data which was 
preceded by a Command (or Status) synchronizing character. 

An input for parity sense, calling for even parity with input high and odd parity with 
input low. 


Ahigh input to this pin during a rising edge of DECODER SHIFT CLOCK resets the 
decoder bit counting logic to a condition ready for a new word. 


One of five binary inputs which establish the total bit count to be encoded or decoded. 
Supply pin. 

Ahigh on this pin clears 2:1 counters in both encoder and decoder, and resets 

the + 6 circuit. 

See pin 20. 

Output from 6:1 divider which is driven by the ENCODER CLOCK. 


An active low output designed to drive the zero or negative sense of a bipolar line 
driver. 


A low on this pin forces pin 25 and 27 high, the inactive states. 


An active low output designed to drive the one or positive sense of a bipolar line 
driver. 


Accepts a serial data stream at a data rate equal to ENCODER SHIFT CLOCK. 


Ahigh on this pin initiates the encode cycle. (Subject to the preceding cycle being 
complete.) 


Actuates a Command sync for an input high and Data sync for an input low. 
Sets transmit parity odd for a high input, even for a low input. 


Is an active high output which enables the external source of serial data. 
Clock input at a frequency equal to the data rate X2, usually driven by + 6 output. 


Output for shifting data into the Encoder. The Encoder samples SDI pin-28 on the 
low-to-high transition of ESC. 


Not connected. 
See pin 20. 


input to the 6:1 divider, a frequency equal to 12 times the data rate is usually input here. 


Output of a high from this pin occurs during output of decoded data which was 
preceded by a data synchronizing character. 


See pin 20. 
See pin 20. 
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HD-15531 


Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by 
dividing the DECODER CLOCK. The frame length is set by 
programming .the COUNT inputs. Parity is selected by 
programming ENCODER PARITY SELECT high for od 

parity or low for even parity. : 


The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK ®. 
This cycle lasts for one word length or K + 4 ENCODER 
SHIFT CLOCK periods, where K is the number of bits to be 
sent. At the next low-to-high transition of the ENCODER 
SHIFT CLOCK, a high SYNC SELECT input actuates a 
Command sync or a low will produce a Data sync for the 


word @). When the Encoder is ready to accept data, the 


SEND DATA output will go high for K ENCODER SHIFT 
CLOCK periods @. During these K periods the data should 


TIMING | | 


ee ee eo ee ee ao ee, 


be clocked into the SERIAL DATA input with every high-to- 
low transition of the ENCODER SHIFT CLOCK © - @ so it 
can be sampled on the low-to-high transition. After the sync . 


~ and Manchester Il encoded data are transmitted through the 


BIPOLAR ONE and BIPOLAR ZERO outputs, the Encoder 

adds on an additional bit with the parity for that word ©). If 

ENCODER ENABLE is held high continuously, consecutive 

words will be encoded without an_ interframe gap. 

ENCODER ENABLE must go low by time © (as shown) to. 
prevent a consecutive word from being encoded. At any time 

a low on OUTPUT INHIBIT input will force both bipolar out- 

puts to a high state but will not affect the Encoder in any 

other way. 


To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Any time after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 


[na fons |w2]nr | wn | | | 


SEND CLOCK AOA PLEULT LIU 


ENCODER SHIFT CLOCK Oe ke is Ve am Oe oF J i Ve 


ENCODER ENABLE 


jg pa ee 
ZZ 


SEND DATA en ee, aa ere 


BIPOLAR ZERO OU 
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Decoder Operation 


To operate the Decoder asynchronously requires a single 
clock with a frequency of 12 times the desired data rate 
applied at the DECODER CLOCK input. To operate the 
Decoder synchronously requires a SYNCHRONOUS 
CLOCK at a frequency 2 times the data rate which is syn- 
chronized with the data at every high-to-low transition 
applied to the SYNCHRONOUS CLK input. The Manchester 
Il coded data can be presented to the Decoder asynchro- 
nously in one of two ways. The BIPOLAR ONE and 
BIPOLAR ZERO inputs will accept data from a comparator 
sensed transformer coupled bus as specified in Military 
Spec 1553. The UNIPOLAR DATA input can only accept 
noninverted Manchester Il coded data. (e.g. from BIPOLAR 
ONE OUT on an Encoder through an inverter to Unipolar 
Data Input). 


The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized ®, the type of sync is indicated by a high 
level at either COMMAND SYNC or DATA SYNC output. If 
the sync character was a command sync the COMMAND 
SYNC output will go high @ and remain high for K SHIFT 
CLOCK periods (), where K is the number of bits to be 
received. If the sync character was a data sync the DATA 
SYNC output will go high. The TAKE DATA output will go 


TIMING | 


fee eae a | eal ae hee 


high and remain high @ - @ while the Decoder is transmit- 
ting the decoded data through SERIAL DATA OUT. The 
decoded data available at SERIAL DATA OUT is in NRZ 
format. The DECODER SHIFT CLOCK is provided so that 
the decoded bits can get shifted into an external register on 
every low-to-high transition of this clock @ - ©. Note that 
DECODER SHIFT CLOCK may adjust its phase up until the 
time that TAKE DATA goes high. 


After all K decoded bits have been transmitted @ the data is 
checked for parity. A high input on DECODER PARITY 
SELECT will set the Decoder to check for even parity or a 
low input will set the Decoder to check for odd parity. A high 
on VALID WORD output @ indicates a successful reception 
of a word without any Manchester or parity errors. At this 
time the Decoder is looking for a new sync character to start 
another output sequence. VALID WORD will go low approx- 
imately K + 4 DECODER SHIFT CLOCK periods after it 
goes high if not reset low sooner by a valid sync and two 
valid Manchester bits as shown 


At any time in the above sequence a high input on 
DECODER RESET during a _ low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini- 
tialize the Decoder to start looking for a new sync character. 


pmsfmeferfef fof | 


DECODER SHIFT CLOCK 


BIPOLAR ONE IN 


BIPOLAR ZERO IN 


TAKE DATA 


COMMAND SYNC 


DATA SYNC 


BIT 1 Parity 


SERIAL DATA OUT QZ Fine 0/7,‘ sb: [et «iat K-2]a k- Bits | sit4| Bit3| airz | sit1 ZZ 
VALID WORD (MAY BE HIGH FROM PREVIOUS RECEPTIO On| 
SIA SANS SS 


@ 


®@ @ 
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HD-15531 


PIN WORD 


FRAME LENGTH 
(BIT PERIODS) 


DATA BITS 


Frame Counter 


ac: 
ee 

L 
ac 
TEs 
ce 

L H 
ce 
ic 

L 

L 


NS 


oe 
L L 
ae Ce 
ce 
L 
me I 
= 
a 
L L 


13 


12 


The above table demonstrates all possibile combinations of frame lengths ranging from 6 to 32 bits. The pin word 
described here is common to both the Encoder and Decoder 
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How to Make Our MTU Look Like a Manchester Encoded UART 
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mt 
AE 


2 @ 
8 3 
m © 


ONE OUT 


ped I 
2 39 
SYNC DATA 3 38 - 
Srtec!. —— 4 37 DATA SYNC 
———45 36 
LB Z {femee ? a 
7 34 COUNT Cs 
= a a ee 
CLOCK ewe + 31 ENCODER 
eae = PARITY SEL. 
SYNC CLOCK Cea | pd " 
ELEC Fis 284 
se 27 a SELECT 
a ENCODER 
iiere ENABLE 
i LAR 
i 
a 
a 
8 


INHIBIT 
OUTPUT 


BIPOLAR 
ZERO OUT 


AB cK O, SH/LD CK S! [O04 SH/LD CK SI! 
74164 74165 74165 COUNT C, 


MASTER 
RES 


COUNT Cy 
PARALLEL OUT PARALLEL IN 


Typical Timing Diagrams for a Manchester Encoded UART 2 
ENCODER TIMING S FE 
aks) 
ENCODER ENABLE Ns 
SYNC SELECT LLL LLL LLL LLL LLL LLL LLL LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL = 
PARALLEL IN \ NR CCACLEXL: LAM cM Meee z 5 
BIPOLAR ONE OUT P 
esamoan —_ISECTIITITLTEE 
DECODER TIMING 
BIPOLAR ONE IN 
BIPOLAR ZEROIN 
COMMAND SYNC 
PARALLEL OUT VALID WHLLLZEZEZEZZEZZECECXEEE. VALID 


VALID WORD FROM PREVIOUS 
RECEPTION 
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MIL-STD-1553 


The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. 


The HD-15531 supports the full bipolar configuration, 
assuming a bus. driver configuration similar to that in 
Figure 1. Bipolar inputs from the bus, like Figure 2, are also 
accommodated. 


The signaling format in MIL-STD-1553 is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by a central control unit by means of Command 
Words, and Data. Terminals respond with Status Words, and 
Data. Each word is preceded by a syrichronizing pulse, and 


BUS 
— e | 
mq 
e 
or ad 
FIGURE 1. SIMPLIFIED MIL-STD-1553 DRIVER 


COMMAND 
SYNC 


BIT BIT BIT 
PERIOD | PERIOD | PERIOD 


LOGICAL ONE DATA 


LOGICAL ZERO DAT. 


FIGURE 3. MIL-STD-1553 CHARACTER FORMATS 


foliowed by parity bit, occupying a total of 20 sec. The word 
formats are shown in Figure 4. The special abbreviations are 
as follows: 


P Parity, which is defined to be odd, taken across all 17 
bits. 


R/T Receive on logical zero, transmit on ONE. 
ME. Message Error if logical 1. | 


TF Terminal Flag, if set, calls for controller to request self- 
test data. 


The paragraphs above are intended only to suggest the 
content of MIL-STD-1553, and do not completely describe 
its bus requirements, timing or protocols. 


ek | oo 


“0"' 


FIGURE 2. SIMPLIFIED MIL-STD-1553 RECEIVER 


ol af2}3{a}s {el 7{ ss fiols}i2]13}14]15/16[17]18[ 19] 


COMMAND WORD (FROM CONTROLLER TO TERMINAL) 


SUBADDRESS 


SYNC | 
/MODE 


TERMINAL | 


ADDRESS gia | P | 


COUNT 


DATA WORD (SENT EITHER DIRECTION) 


SYNC | DATA WORD 


|| 


STATUS WORD (FROM TERMINAL TO CONTROLLER) 


sync| TERMINAL | {cope FoR FAILURE MoDES |TF| P 
ADDRESS |, 


FIGURE 4. MIL-STD-1553 WORD FORMATS 


NOTE: This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HD-15531. 
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Specifications HD-15531 


‘Absolute Maximum Ratings 


Supply Voltage ............--..006- satin emcee weele tard +7.0V 
input, Output or /O Voltage ............. GND-0.5V to Vec+0.5V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 2... ec cee eee ee ees +175°C 
Lead Temperature (Soldering 10s)..............00008- +300°C 
ESD Classification ............... Baqateee tha aes Class 1 


Reliability Information 


Thermal Resistance .................. in Bic 
Ceramic DIP Package............... 34.8°C/(W 7.9°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package... ......... cc cece eee e eee 1... 1.44W 
Gale Count 2 ss-ec56 sec he Ve teases eee beeee ees 250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply Voltage s:.scscca sais 8o4 ee eG eee +4.5V to +5.5V 
Operating Temperature Range (T,) 
OHI 5 S129 cps eh ioe hee 04a Roe weee -40°C to +85°C 
HD Hf 9531-8 is neon oe ca Sc atewae.s oc eee ee -55°C to +125°C 
Encoder/Decoder Clock Rise Time (TECR, TDCR)....... 8ns Max 
Encoder/Decoder Clock Fall Time (TECF, TDCF) ........ 8ns Max 


Sync. Transition Span (TD2)........... 18 TDC Typical, (Note 1) 
Short Data Transition Span (TD4)........ 6 TDC Typical, (Note 1) 
Long Data Transition Span (TD5) ....... 12 TDC Typical, (Note 1) 


DC Electrical Specifications Voc = 5.0V + 10%, T, = -40°C to +85° (HD-15531-9) 
: T, = -55°C to +125° (HD-15531-8) 


Vin Input HIGH Voltage 


Output LOW Voltage 
Output HIGH Voltage 


Ele Input Leakage Current 


CCOP_ | Operating Power Supply Current 


| 
Functional Test 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 
2. Interchanging of force and sense conditions is permitted. 


- Capacitance T, = +25°C, Frequency = 1MHz 


SYMBOL PARAMETER 


Output Capacitance 


SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 


0.7 Voc 


input LOW Clock Vaage TPenovos Voo= ABV and BV 
input HIGH Clk Voge Vo508 


P= 


Vv 
Vv Voc = 4.5V and 5.5V 


Vv lo, = +1.8MA, Voc = 4.5V (Note 2) 


oe ee 
ef 

a ae a lon = -3.0MA, Voc = 4.5V (Note 2) 
i Be 

=z 


Voc = 4.5V and 5.5V 


Vi = Vec or GND, Vee = 5.5V 


Vin = Vec = 5.5V, f = 15MHz, 
Outputs Open 


aS 


3. Tested as follows: f = 15MHz, Viy = 70% Voc, Vi = 20% Vec, 
Cy = 50pF, Vou 2 Voc/2 and Vor Ss Voc/2. 


Vin = Veco = 5.5V, 
Outputs Open 


UNITS TEST CONDITIONS 


All measurements are referenced to device GND 
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Specifications HD-15531 


AC Electrical Specifications Voc = 5V + 10%, Ts = -40°C to +85°C (HD-15530-9) 
Ta = -55°C to +125°C (HD-15530-8) 


| |_HD-tss3i_ 0] HD-155318 


ENCODER TIMING 


[FEC [Encoder Clock Frequency [_- | 18 J - | 90 _| MHz |Voc=4SVend55V, 0, ~S0nF_ 
[FESC [Send Ciock Frequency | - | 28 | - | 80 | MHz |Voc=4SVand5SV,O -50DF _ 
[FEO [Encoder Data ato [| 128 | - | 26 | MHz |voo=45Vand55V.O =50DF | 
[Twn [Master Reset Puise wih | 160 | - | 160 | - | ns |Voc=45Vand55V,0 =500F_ 
[Tet _[sninCiock Oey | - | 125 | - | 60 | ns |voc=45VandSaV, 0 =500F | 
[Tez [Serial DataSoup | 75 | - | 50 | - | rs |Voo=45Vand SV, G = 500F 
[Te3_[SerialDataHow | 75 | - | 80 | - | rs _|Voc=4SVand5.5V, 0, =500F_ 

Tes [enabieSeup [90 | - | | - | rs _|Voo=48VandS5V, 0, =500F_ 

Tes _[EnablePucowiah | 100 | - | 100 | - | ns _|Voo=4SVand SV, G, = S0pF 
[te8_|SyoSoup +f ss | - | 88 | - | rs [Voo=AsVandS.5V, G, =500F_ 
[Te7__[SyncPusowian [| 190 | - | 160 | - | rs |voc=ssVand5sv, 0, ~O0pF | 
[Te8 [Send DataDowy | 0 | 80 [| 0 | 60 | ns [Voc=ASVandS6V,C =S0DF_ 

TE®__[Bipolr OutputDewy | _- | 190 | - | 100 | ne |Voc=ASVand5SV, 0, = 500F_ 
[E10 [enabioroig «dT t0_ - [10 | - | vs |Vocu4SVandS.V,G,=S0pF_ 
Ps ff 8 | | © |Voo=48V and 55, 0, = S00F 
[FDC [Decoder Giock Frequency] - | 18 [ - | 90 
[FOS [DecaderSyneciock | - | 26 [| - | 50 | 
[FOD__|DecoderDataRato | - | 125 | - | 25 _| 
[TOR [Decoder Reset Pulse wiath | 160_| - | 160 | - | rs [Voo=45V and.5V, Oy = 50DF 
7s | - [3 | - 
ae 
| TR | Master Reset Pulse | 150 | - | Voc = 4.5V and 5.5V, C, = 50pF 


eal 
TDC +10. 
wow] 


| MHz | 
| MHz 
| MHz 
ns 
pons 
pons | 
hem 
fae Voc = 4.5V and 5.5V, C, = 50pF 
(Note 1) 
ns | 
pons 
ps 
pons | 
ns 
ot 
ar 


TD1 Bipolar Data Pulse Width TDC +10 
(Note 1) 


TD3 One Zero Overlap 


TD6 —_| Sync Delay (ON) | 20 
TO7 —_| Take Data Delay (ON) | 0 | 
TO8 =| Serial Data Out Delay pe 
TD9 —_| Sync Delay (OFF) be ee al 


TD10 Take Data Delay (OFF) 
TD11 Valid Word Delay 


TD12 Sync Clock to Shift Clock 
Delay 
TD13 Sync Data Setup 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 


2. AC Testing as follows: Input levels: V4 = 70% Voc, Vi, = 20% 
Voc; Input rise/fall times driven at 1ns/V; Timing Reference 
levels: Voc /2; Output load: C, = S0pF. 
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HD-15531 


Timing Waveforms 


ENCODER TIMING 7 7 7] 
SEND CLOCK 


Te 
ENCODER SHIFT CLOCK === TE3 
SERIAL DATA IN Ee RE commer 
SEND CLOCK = lte, ——| TEN | 


ENCODER SHIFT CLOCK 


ENCODER ENABLE 
SYNC SELECT 


ENCODER SHIFT CLOCK geet eee ee 
TE8s—- = 
SEND DATA X 


SEND CLOCK eager ge eee ees 


ee ee eee eee ——— TES 
BIPOLAR ONE OUT or 
BIPOLAR ZERO OUT 


‘ DECODER TIMING 
NOTE: UNIPOLAR IN = 0, FOR NEXT DIAGRAMS 
[+ BIT PERIOD —____»} + BT PERIOD ———_>] + _____ BIT PERIOD ———_>| rT) 
BIPOLARONEIN Ftp LLL | z 
+ Tp2 Ke Tp3 1 - Tp3 <t ° 
BIPOLAR ZEROIN | TO1 < ie 
; ~————————_———. Tp2_ —_—_—_______+ QAO 
: : ‘ —Y =z 
COMMAND SYNC 05s 
=> 
' ' t © = 
Oo 
Oo 


' 
BIPOLAR ZERO IN Toy 


DATA SYNC 
BIPOLAR ONEIN [ltp; TDI 
| ke Tp3 jk Tp3 —~| —Tp3 —~| bw— TH3 —~| |~- T3 
BIPOLAR ZERO IN ' TD1 
K— Tog —-} + Tos ——_ >} Tos ——__ += Toa | 
’ ' , ' 
( ONE ' ZERO : ONE 1 
’ + 


' NOTE: BIPOLAR ONE IN = 0; BIPOLAR ZERO IN = 1, FOR NEXT DIAGRAMS. ! 
t ’ ‘ 


UNIPOLAR IN Tp2 To2 


' 
i] ) 
; COMMAND SYNC | 
' i] 
' 1 | 


UNIPOLAR IN Tp2 Tp2 


J 
) i} 
DATA SYNC 
' : 
UNIPOLAR IN Tpa Tos Tos Tp4 Tp4 
t ' } ’ 
' ONE ; ZERO ONE ONE 
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HD-15531 


Timing Waveforms (Continued) 


DECODER TIMING (Continued) 


DECODER SHIFT CLOCK | | | 
Oe] 


COMMAND/DATA SYNC 


ae! ~—— 


TAKE DATA | . 


DECODER SHIFT CLOCK Oe ee eee Se 


TO8-—+ 


SERIAL DATA OUT DATA BIT 


DECODER SHIFT CLOCK a eee es 
Tp9-+4 


COMMAND/DATA SYNC =| | 
TD10 ~—— 


TAKE DATA 
VALID WORD To11—e| -—— | 


DECODER SHIFT CLOCK | | | L 
Tors—~| /#— 


DECODER RESET TOR 


=] [e-TORH 


SYNCHRONOUS INPUT (WITH EXTERNAL BIT SYNCHRONIZATION) 


SYNCHRONOUS Fae |, Sere: a eee (Gn a 
CLOCK IN 
res 0 eee 
DECODER SHIFT 
CUOEK 2a. ce45 as ae ee ee | L 


SYNCHRONOUS 
CLOCK IN 


—~| - To13 —+| [| To13 —{| Kk to A /1o13 
DATA IN 


Test Load Circuit | AC Testing Input, Output Waveform 


aed | INPUT 
Vv 
C.* IH 
50% 50% 
Vit 


“Includes stray and jig capacitance AC Testing: All input signals must switch between V,, and Vj. Input 


rise and fall times are driven at ins per volt. 


5-150 


FARRIS 


SEMICONDUCTOR 


ao 


January 1992 


HD-1553 1/883 


CMOS Manchester Encoder-Decoder 


Features Pinout 
¢ This Circuit is Processed in Accordance to Mil-Std-883 and Is Fully 40 LEAD DIP 
Conformant Under the Provisions of Paragraph 1.2.1. TOP VIEW 
¢ Support of MIL-STD-1553 
e Data Rate (15531B) ........ 2. cee eee eee 2.5 Megabit/Sec vec [7] COUNT EI 
¢ Data Rate (15531). 0... . ccc cee eee eee 1.25 Megabit/Sec 
* Varlable Frame Length to 32-Bits pseu 2 = eee 
e Sync Identification and Lock-in EA ucsoenciic 
¢ Separate Manchester il Encode, Decode 
¢ Low Operating Power .............cceceeeeees 50mW @ 5 Volts | SERIAL DATAOUTLE) ee} COUNT C8 
a SYNCHR DATA [ 6, 35] NC 
Description SYNCHR DATA 34] ENCODER SHIFT 


The Harris HD-15531/883 is a high performance CMOS device intended 
to service the requirements of MIL-STD-1553 and similar Manchester If 
encoded, time division multiplexed serial data protocols. This LSI chip is 
divided into two sections, an Encoder and a Decoder. These sections 
operate independently of each other, except for the master reset and word 
length functions. This circuit provides many of the requirements of MIL- 


STD-1553. The Encoder produces the sync pulse and the parity bit as well DECODER SHIFT [14 BIPOLAR ONE OUT 
as the encoding of the data bits. The Decoder recognizes the sync pulse | ypansition sex [15 OUTPUT INHIBIT 
and identifies it as well as decoding the data bits and checking parity. ne [16 2s] BIPOLAR ZERO 
The HD-15531/883 also surpasses the requirements of MIL-STD-1553 by | COMMAND SYNC 24] +6 OUT 
allowing the word length to be programmable (from 2 to 28 data bits). A | DECODER PARITY fig) [23] count 2 


frame consists of three bits for sync followed by the data word (2 to 28 
data bits) followed by one bit of parity, thus the frame length will vary from 
6 to 32 bit periods. This chip also allows selection of either even or odd 
parity for the Encoder and Decoder separately. 


This integrated circuit is fully guaranteed to support the 1MHz data rate of 
MIL-STD-1553 over both temperature and voltage. For high speed appli- 
cations the 15531B will support a 2.5 Megabit/sec data rate. 


The HD-15531/883 can also be used in many party line digital data 
communications applications, such as a local area network or an 
environmental control system driven from a single twisted pair of fiber 
optic cable throughout a building. 


SYNCHR CLK [8 | 
DECODER CLK [ 9] 
SYNCHR CLK SEL. [10 
BIPOLAR ZERO IN [11] 


BIPOLAR ONE IN [12 
UNIPOLAR DATA [75] 


DECODER RESET [19] 
count Co [20 


Block Diagrams 
ENCODER DECODER 
SYNCHRONOUS ,, 7 8. SYNCHRONOUS 
Pi, nnn ee Sate VCC S, DATA SELECT DATA 
MASTER RESET UNIPOLAR ,_13 4 
a OUTPUT DATA IN saa <7” TAKE DATA 
39 PoE NOSLKIN INHIBIT BIPOLAR > 121 TRANSITION F_} <ohTGr L—] CHARACTER E17, commano 
6 OUT Sor Me GATE 

24 HY oy Oe a DATA SYNC 

pia 3_, SERIAL 
al CHARACTER ONE OUT DATA OUT 
25 » BIPOLAR 

ZERO OUT 


ENCODER 
CLK 


Z — if 


sic 
COUNTER ou gic 
34 28{, 29 wf 31 


32 MASTER 522 
20] 40} 23] 36] 39] = SEND SERIAL | SYNC RESET 
DATA IN 


co ci c2 c3 ca DATA SELECT 
ENCODER ENCODER ENCODER 
SHIFT ENABLE PARITY 
CLK LECT 


agra ie oT SYNCH. Select nule PARITY z. VALID WORD 
151 RONIZER CHECK }'S¢ PARITY 
DECODER DATA 
CLK SEL“ ied i SELECT 
14 


DECODER 
SHIFT CLK 


19 BIT 3 
COUNTER 


20] 40] 23] 36] 39 
Co Ci C2 C3 CA 


DECODER 
RESET TAKE DATA 


i?) 
5 
q = 
ee 
P-4 

a6 
o> 
os 
se 
os 
© 
© 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HD-1553 1/883 


Absolute Maximum Ratings 


SUODIY VONRGO 355s ov behead ase eee +7.0V 
Input, Output or /O Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0.0... ccc ce cee eee ees +175°C 
Lead Temperature (Soldering 10s)................005- +300°C 
ESD Classification ...... 0.0... ccc cee eee eects Class 1 


Reliability Information 


Thermal Resistance .................. Bin Bic 
Ceramic DIP Package............... 34.8°C/(W 7.9°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package .......... 0. ccc cece cece ences 1.44W 
Gate COUN 233 e 5.0 kore. da teeetianieeena thee 250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply Voltage .. 2... eee ee eee +4.5V to +5.5V 
Operating Temperature Range (Ta) ..........-- -§5°C to +125°C 
Encoder/Decoder Clock Rise Time (TECR, TOCR)....... 8ns Max 
Encoder/Decoder Clock Fall Time (TECF, TDCF) ........ 8ns Max 


Sync. Transition Span (TD2)........... 18 TDC Typical, (Note 1) 
Short Data Transition Span (TD4)........ 6 TDC Typical, (Note 1) 
Long Data Transition Span (TD5)....... 12 TDC Typical, (Note 1) 


TABLE 1. HD-15531/883, HD-15531B/883 DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


input HIGH Volt- V VCC = 4.5V and 5.5V 
age 
Input LOW Clock VILC VCC =4.5V and 5.5V 
Voltage 
Input HIGH Clock VIHC | VCC =4.5V and 5.5V 
Voltage 

vO 


Output LOW Volt- 
age 


Output HIGH Volt- VOH IOH = -3.0mA, VCC = 
age 4.5V (Note 2) 

Input Leakage Vi = VCC or GND, VCC = 
Current 5.5V 

Standby Supply ICCSB VIN = VCC = 5.5V, 
Current Outputs Open 
Functional Test (Note 3) 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 
2. Interchanging of force and sense conditions is permitted. 


GROUP A 
PARAMETER | SYMBOL | TESTCONDITIONS | SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
Input LOW Volt- VIL | VCC = 4.5V and 5.5V 55°C < Ty $ +125°C 0.2VCC] Vv 
age 
IH 


L {OL = +1.8mA, VCC = -55°C < Ty S$ +125°C 0.4 V 
4.5V (Note 2) 


7,8 55°C < Ty < +125°C 


LIMITS 


55°C < Ths 4125°C [0.7 VCC wis 
55°C < Ths +125°C a v 
0.5 


55°C < Ty S$ +125°C 
~55°C < Ta $ +125°C 


3. Tested as follows: f = 15MHz, VIH = 70% VCC, VIL = 20% VCC, 
CL = 50pF, VOH 2 VCC/2 and VOL < VCC/2. 
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Specifications HD-15531/883 


TABLE 2. HD-15531/883, HD-15531B/883 AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 2) | GROUP A HD-15531/883 HD-155318/883 
CONDI SUB- 
TIONS GROUPS 


PARAMETER SYMBOL 
ENCODER TIMING 


Encoder Clock FEC VCC =4.5V] 9,10,11 ] -55°C < Ty < +125°C 
Frequency and 5.5V 

FESC VCC =4.5V} 9,10,11 | -55°C < Ty s +125°C 
Frequency and 5.5V 


TEMPERATURE UNITS 


Encoder Data Rate -55°C < Ty, S$ +125°C 


Master Reset Pulse TMR VCC =4.5V : 
and 5.5V 

Shift Clock Delay TE1 VCC =4.5V | 9, 10, 11 -55°C < Ty S$ +125°C 
and 5.5V 

Serial Data Setup TE2 VCC =4.5V -55°C < Ta S$ +125°C 
and 5.5V 


365 
20 
a 
<a 

< 


150 


75 


75 


Serial Data Hold TE3 VCC =4.5V} 9,10,11 | -55°C < Tas +125°C 
, and 5.5V 

Enable Setup TE4 VCC =4.5V 1 9, 10, 11 -55°C < Ty $ +125°C 
and 5.5V 

Enable Pulse Width TE5 VCC =4.5V } 9, 10, 11 -55°C < Ty $ +125°C 
and 5.5V 


Sync Setup TE6 VCC =4.5V ] 9, 10,11 | -55°C < Ty < +125°C 
and 5.5V 

Sync Pulse Width TE7 VCC =4.5V | 9,10,11 | -55°C <T, < +125°C 150 
and 5.5V 

Send Data Delay TE8 VCC =4.5V 

and 5.5V 


Bipolar Output Delay 130 130 


Enable Hold TE10 VCC =4.5V 1 9, 10, 11 -55°C < Ty < +125°C 
and 5.5V 

Sync Hold JTE11 VCC =4.5V } 9, 10, 11 -55°C < Ty $ +125°C 
and 5.5V 


DECODER TIMING 

Decoder Clock FDC VCC =4.5V -55°C < Ty < +125°C 

Frequency and 5.5V 

Decoder Sync Clock FDS VCC =4.5V | 9, 10,11 | -55°C < Ty < +125°C 

Decoder Data Rate FDD VCC =4.5V | 9,10, 11 | -55°C < Ty < +125°C 
and 5.5V 

Decoder Reset Pulse TOR VCC =4.5V | 9, 10,11 | -55°C < Ty < +125°C 

Width and 5.5V 

Decoder Reset Setup TORS |{VCC=4.5V -55°C < Ty $ +125°C 75 

Time and 5.5V 

Decoder Reset Hold TORH j|VCC=4.5V] 9,10,11 | -55°C < Ty < +125°C 

Time and 5.5V 


pe) 
56 
ae © 
a 
> 
<u 
< 
£ & s s 
ah 
oO 
po % 
w—_—dy 
¢ 
Oo 
3 
.@) 
IA 
ot 
iA 
+ 
—"s 
Nh 
oo 
‘@) 


9 


= DM 
a g 
> a 
Q 
3 
x 


a 


on 


Nn 
on 
a 


1.25 


Master Reset Pulse 


Bipolar Data Pulse TD1 VCC =4.5V -55°C < Ty $ +125°C | TOC+1 
Width and 5.5V Note 
} 


TDC+1 
(Note 1 


oS 


— 


One Zero Overlap TDC-10 


(Note 1) 


TDC-1 
(Note 1 


Oo 


-_ 
—_ 
—_ © 


~—" 
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Specifications HD-15531/883 


TABLE 2. HD-15531/883, HD-15531B/883 AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTE 2) | GROUP A HD-15531/883 HD-15531B/883 
| CONDI SUB- 
PARAMETER SYMBOL TIONS GROUPS TEMPERATURE 
Sync Delay (ON) | TD6 VCC =4.5V | 9, 10,11. | -55°C < Ty < +125°C 
| and 5.5V . 
Take DataDelay(ON)}| TD7 |VCC=4.5V| 9, 10,11 | -55°C <T,<+125°C 
and 5.5V | 
Serial Data Out Delay VCC =4.5V -55°C < Ty $ +125°C 
. . and 5.5V 
Sync Delay (OFF) VCC =4.5V{ 9,10,11 | -55°C < T,<+125°C 
and 5.5V 
Take Data Delay TD10 =| VCC =4.5V -55°C < Ta $ +125°C 
(OFF) and 5.5V 


110 


1 
< 1 
Valid Word Delay TD11 VCC =4.5V | 9, 10,11 | -55°C < Ty < +125°C 

. and 5.5V 


TD8 
TD9 
Sync Clock to Shi TD12 VCC =4.5V] 9,10,11 | -55°C < Ty < +125°C 
Clock Delay and 5.5V . 
Sync Data Setup TD13 VCC =4.5V]} 9, 10, 11 -55°C < Ty, < +125°C 75 
. and 5.5V 


1 
75 


or 


NOTES: 
1. TDC = Decoder Clock Period = 1/FDC rise/fall times driven at ins/V; Timing reference levels: VCC/2; 
2. AC Testing as follows: VIH = 70% VCC, VIL = 20% VCC; Input Output load: CL = 50pF 


F 
measurements referenced to 
device GND. 
Input/Output Capaci- pF 
tance 
Operating Power ICCOP | VCC =5.5V, f = 1MHz -55°C < Ty < +125°C 
Supply Current 
NOTES: 


TABLE 3. HD-15531/883, HD-15531B/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 
___ PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 
Input Capacitance VCC = OPEN, f = 1MHz, All Ls! aii 
Clo VCC = OPEN, f = 1MHz, All 1 25 
measurements referenced to 
device GND. 
1. The parameters listed in Tabie 3 are controlled via design or pro- 2. Guaranteed but not 100% tested. 
cess parameters are characterized upon initial design and after 
major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


ferret 
(a 


Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
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HD-15531/883 


Burn-In Circuit 


HD1-15531/883 CERAMIC DIP 


Wenegeeeege= 


VCC 


Cetefetet 


ot 


VCC 


2 ees 
EIEN ENE Gaal Enea cnc Gree 


SNOLLVOINNWANOD 


VLVG SOWD 


esc 


1 he 


a 
PPEERETE 
as Ce ee ee ee ee = 
og ec g Cette O og c 
4 De 
> 
Q Oo < aa 0 
z O = Zz O 
Oo > Oo oO ? 


NOTES: 


VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 


VIL = -0.2V to +0.4V 
R = 47k. + 5% 


FO = 100kHz + 10% 
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HD-15531/883 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
155 x 195 x 19 + 1 mils Material: Gold Silicon Eutectic Alloy 


METALLIZATION: Temperature: Ceramic DIP — 460°C (Max) 
Type: Si-Al WORST CASE CURRENT DENSITY: 
Thickness: 11kA + 2kA 2.0 x 105A/cm2 

GLASSIVATION: 
Type: SiOo 
Thickness: 8kA + 1kA 
Metallization Mask Layout 
HD-15531/883 
VALID WORD COUNT C1 DATA SYNC 
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HD-15531/883 


Packaging 


40 PIN CERAMIC DIP 


2.096 
.005 MIN 


aaa 
225 MAX 
: 4 
2015 
.060 
125, 
180 .016 | 
“023 : 
.050 
.065 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are wn , Dimensions are in inches. 


5-157 


a 
| .150 MIN 
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.098 MAX 
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* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


COMPLIANT OUTLINE: MIL-STD-1835, 
GDIP1-T40 
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Features 
e TTL and CMOS Compatible Inputs 


e Adjustable Rise and Fall Times Via Two External 
Capacitors 


Programmable Output Differential Voltage Via Vrer 
Input 


Operates at Data Rates Up to 100 Kilobits/Sec 


Output Short Circuit Proof and Contains Overvoltage 
Protection 


¢ Outputs are Inhibited (0 Volts) If DATA (A) and DATA 
(B) Inputs are Both in the “Logic One” State 


¢ DATA (A) and DATA (B) Signals are “AND’d” with Clock 
and Sync Signals 


e 


¢ Full Military Temperature Range 


Ordering Information 


55°C to +125°C 


-55°C to +125°C HS4-3182-8 
SMD# | Pending | 


HS-3182 


ARINC 429 Bus Interface Line Driver Circuit 


Description 


The HS-3182 is a monolithic dielectrically isolated bipolar 
differential line driver designed to meet the specifications of 
ARINC 429. This Device is intended to be used with a com- 
panion chip, HS-3282 CMOS ARINC Bus Interface Circuit, 
which provides the data formatting and processor interface 
function. 


All logic inputs are TTL and CMOS compatible. In addition to 
the DATA (A) and DATA (B) inputs, there are also inputs for 
CLOCK and SYNC signals which are AND’d with the DATA 
inputs. This feature enchances system performance and 
allows the HS-3182 to be used with devices other than the 
HS-3182. 


Three power supplies are necessary to operate the 
HS-3182: +V = +15V + 10%, -V = -15V + 10%, and V; =5V 
+ 5%. Veer is used to program the differential output voltage 
swing such that Voyry (DIFF) = + 2Vpe_er. Typically, Vaer = V4 
= 5V + 5%, but a separate power supply may be used for 
Vrer which should not exceed 6V. 


The driver output impedance is 75Q + 20% at 25°C. Driver 
Output rise and fall times are independently programmed 
through the use of two external capacitors connected to the 
Ca and Cg inputs. Typical capacitor values are Cy = Cg = 
75pF for high-speed operation (100KBPS), and Ca = Cg = 
300pF for low-speed operation (12 to 14.5KBPS). The out- 
puts are protected against overvoltage and short circuit as 
shown in the Block Diagram. The HS-3182 is designed to 
operate with a case temperature range of -55°C to +125°C, 
or 0°C to +70°C. 


Pinouts 


16 LEAD DIP 
TOP VIEW 


Truth Table 


File Number 2963. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1991 5-158 


HS-3182 
Block Diagram 


(4) 
DATA (A) © 


4 ' 


(1) 


Poel 
= ee OUTPUT pooeoe 4 
DRIVER 
(A) RouT/2 
AND SLOPE = 
CONTROL (A) ¢ 


ae el 
eS eo, ona 
it mm RL 
(3) + = 
SYNC a OUTPUT 
DRIVER 
LEVEL SHIFTER (a) - Rout/2 
(13) AND SLOPE Y BOUT 
DATA (8) © il | CONTROL (8) (11) 
a 


a 
\A 


CURRENT = 
(2) . | OVERVOLTAGE , 
we -V CR _ PROTECTION | 


(7) 92 EI 


Typical Application 


PIN NUMBERS INDICATED BY { ) 5 +5V 2 a ca 
paced CA 


HS-3182 
ARINC DRIVER BouT 
CIRCUIT 


Ww 

5 
cz 
I 
<x 
56 
Go 
ES 
se 
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© 


16 PIN DIP 


HS-3282 42900 DATA (A) 
CMOS 
ARINC 


CIRCUIT §gz9n0 


DATA (B) GND GND -V 


— PIN NUMBER 10, 15 = NC 
~15V 


* The rise and fall time of the outputs are set to ARINIC specified values by Ca and Cg. Typical C, = 


Cz = 75pF for high speed and 300pF for low speed operation. The output HI and low levels are set to 
ARINC specifications by Vpe_r. 
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Specifications HS-3182 


Absolute Maximum Ratings 


Voltage Between +V and -V Terminals................000. 40V 
Widen ea Guy ke a prea etn avd Mate N ews SEM re RRR Re wad 7V 
VreF | 6V 
Logic Input Voltage................008. GND -0.3V to V; +0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature...............0.0008- eed wee 4175°C 
Lead Temperature (Soldering 10s)..............00000. +300°C 
ESD Classification <.cc0s s dacavten ve eae sakes oedes Class 1 
Output Short Circuit Duration. .................0.- See Note 1 
Output Overvoitage Protection...............-20585 See Note 2 
NOTES: 


1. Heat sink may be required for 100K bits/s at +125°C and output 
short circuit at +125°C. 


Reliability Information 
Thermal Resistance Oia Bic 


Ceramic DIP Package............. 73.5°C/W =: 10.9°C/W 

Ceramic LCC Package ............ 54.0°C/(W 6..1°C/W 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package................... Aa sagas 0.8W 

Ceramic LCC Package .........-. cece ec cence wees 1.0W 


Transistor Count s:c..0-4s0 eee wew acon nee ies wade baw 133 


2. The fuses used for output overvoitage protection may be blown 
by a fault at each output of greater than + 6.5V relative to GND. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions 


Operating Voltage: 
BV sts Con Bhs eee Vig aoa an Mare mae ace ee 5 atte a +15V + 10% 
OM. Sita litre dn aa aihe wn deen aero ei dig athe wears Meee -15V + 10% 
Vi cineca Res eee bee eee teas teindue 5V + 5% 
Vrer (For ARINC 429) 0... cece eee eee ee eee 5V + 5% 


D.C. PARAMETER SYMBOL 


Supply Current +V (Operating) lecop (+V) 


Supply Current -V (Operating) locop (-V) 


Supply Current V, (Operating) locop (V3) 


Iccop (VreF) 


< 
= 


Supply Current Veer (Operating) 
Logic "1" Input Voltage 
Logic "0" Input Voltage 


Output Voltage High (Output to GND) 


Output Voltage Low (Output to GND) 


Output Voltage Null VNULL 
Input Current (Input Low) 
Input Current (Input High) 


Output Short Circuit Current 
(Output High) 


Output Short Circuit Current 
(Output Low) 


Output Impedance 


NOTE: 


1. +V=+15V +t 10%, -V=-15V + 10%, Vj = Vacr = 5V + 5%, unless 
otherwise specified T, = 0°C to +70°C for HS-3182-5 and T, = 
-58°C to +125°C for HS-3182-8. 


CONDITIONS 
= 
feisaenormen ef | 
feinwonoraen ef 
eS 
a 


VoH No Load (0-100K bits/s) VREF VREF 
. (-250mV) | (+250mV) 

Voi No Load (0-100K bits/s) -VREF -Vrer 
(-250mV) | (+250mV) 


rt to GND 


Operating Temperature Range: 
MS 3182-5) 25.5 see eug ee tema ar nets 0°C to +70°C 
MS-O1G2-6 kocsis oni ees atie ean pecans -55°C to +125°C 
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Specifications HS-3182 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
A.C. PARAMETER SYMBOL CONDITIONS 


Rise Time (Aout, Bout) vy Cy = Cg = 75pF, Note 2 


(at Ty = -55°C Only) 
Ca = Cg = 300pF, Note 2 


i Cy = Cy = 75pF, Note 3 a 


Fall Time (Aout: Bout) 


(at Ty = -55°C Only) 


te 
Cy = Cg = 300pF, Note 3 
Propagation Delay Input to Output tei Ca = Cp = 75pF, No Load 
Propagation Delay Input to Output Ca = Cg = 75pF, No Load 


NOTES: 


1. +V=+15V, -V=-15V, V, = Vaer = 5V, unless otherwise specified 2. ta measured 50% to 90% times 2, no load. 
—~ 72% O ba is = -55° 
a oe +70°C for HS-3182-5 and Ts = -55°C to +125°C for 3. te measured 50% to 10% times 2, no load. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETER SYMBOL CONDITIONS 


NOTE: 
1. The parameters listed in Table 3 are controlled via design or pro- are characterized upon initial design and after major process 
cess parameters and are not directly tested. These parameters and/or design changes affecting these parameters. 


Power Characteristics Nominal Power at +25°C, +V = +15V, -V = -15V, V; = Vper = 5V, Notes 1, 3 


12.5-14 Full Load, Note 2 


NOTES: 
1. Heat sink may be required for 100K bits/s at +125°C and output 2. Full Load for ARINC 429: R, = 400Q and C, = 30,000pF in par- 
short circuit at +125°C. allel between Ao and Boyz (see block diagram). 
Thermal characteristics: Ticase) = T(Junction) ~ 9(Junction - Case) 3. Output Overvoltage Protection: The fuses used for output over- 
P (Dissipation): voltage protection may be blown by a fault at each output of 
Where: T,Junction Max) = +175°C greater than +6.5V relative to GND. 


O.Junction - Case) = 10.9°C/W (6.1°C/W for LCC) 
®& Junction - Ambient) = 73.5°C/(W (54.0°C/W for LCC) 
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HS-3182 


5V 


OV 


5V 


OV 


+4.75V TO +5.25V 
-4.75V TO -5.25V 


+4.75V TO +5.25V 


-4.75V TO -5.25V 


4 
~t— 2VREF HIGH +9.5V TO +10.5V 


A -B 
DIFFERENTIAL a al 
OUTPUT 
I NOTE: OUTPUTS UNLOADED 
~2VREF — ~9.5V TO -10.5 
| te 
NOTES: t, measured 50% to 90% times 2 When the Data (A) input is in the Logic One state and the Data (B) 
t, measured 50% to 10% times 2 input is in the Logic Zero state, Agyz is equal to Veer and Boyz is 
7 si equal to-Vrer. This constitutes the Output High state. Data (A) and 
Vin= SV Vay = -4.75V to -5.25V Data (B) both in the Logic Zero state causes both Agyr and Boyt to 
Vi, = OV Vou = 4.75V to 5.25V be equal to OV which designates the output Null state. Data (A) in 


the Logic Zero state and Data (B) in the Logic One state causes 
Aout to be equal to-Vagr and Boyz to be equal to Veer which is the 
Output Low state. 


Burn-In Schematic 


V1 DATA (B) +V 


14 13° 12 


HS-3182 
23 4 &§ 6 7 8 


DATA(A) -V GND 
NOTES: R=400Q+5% Ambient Temp. Max. = +125°C. 
C, = 0.03pF + 20% Package = 16 Lead Side Brazed DIP. 
C2 = Cg = 500pF, NPO Pulse Conditions = A & B = 6.25kHz + 10%. B is delayed 
+V = 415.5V + 0.5V one-half cycle and in sync with A. 
V =-15.5V + 0.5V Vin = 2.0V Min. 
V, =+5.5V+0.5V Vu = 0.5V Max. 


A 0.0nF decoupling capacitor is required on each of the 
three supply lines (+V, -V and V,) at every 3rd Burn-in 
socket. 
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i} HARRIS 


HS-3282 


January 1992 | CMOS ARINC Bus Interface Circuit 


Features . ; Pinouts 


e ARINC Specification 429 Compatible 
* Data Rates of 100 Kilobits or 12.5 Kilobits 


40 LEAD DIP 
TOP VIEW 


¢ Separate Receiver and Transmitter Section VoD | 1) 40) me 
¢ Dual and Independent Receivers, Connecting Directly to ARINC Bus 429D11(A) | 2 | [39] MR 
© Serial to Parallel Receiver Data Conversion 429D11(B) | 3 | 38] TX CLK 


¢ Parallel to Serial Transmitter Data Conversion 429D12(A) | 4 | CLK 

® Word Lengths of 25 or 32 Bits 429D12(8) | 5 | 36} N/C 

e Parity Status of Received Data pb/Ri | 6 | [35] N/G 

° Generate Parity of Transmitter Data D/R2 [34] CWSTR 

e Automatic Word Gap Timer SEL [8 | [33] ENTX 

¢ Single 5-Volt Supply ; EN1|9_ [32] 429D0 

¢ Low Power Dissipation EN2}10 31] 42900 

e Full Military Temperature Range : BD15 [11] TX/R 
ke BD14 PL2 

Description = Sa] Ful 

BD13 PL1 

The HS-3282 is a high performance CMOS bus interface circuit that is intended to pp12 [ral oe 

meet the requirements of ARINC Specification 429, and similar encoded, time 

multiplexed serial data protocols. This device is intended to be used with the BD11 [15] 26] BDOt 

HS-3182, a monolithic DI bipolar differential line driver designed to meet the spec- BD10 /16| 25] BDO2 

ifications of ARINC 429. The ARINC 429 bus interface circuit consists of two (2) re- BD09 24] BD03 

ceivers and a transmitter operating independently as shown in Figure 7. The two 

receivers operate at a frequency that is ten (10) times the receiver data rate, which BDOS [18] [23] BDOS 

can be the same or different from the transmitter data rate. Aithough the two receiv- BDO7 |19 22] BDOS 

ers operate at the same frequency, they are functionally independent and each sos [20 [21] GND 


receives serial data asynchronously. The transmitter section of the ARINC bus 
interface circuit consists mainly of a First-In First-Out (FIFO) memory and timing 
circuit. The FIFO memory is used to hold up to eight (8) ARINC data words for 
transmission serially. The timing circuit is used to correctly separate each ARINC 
word as required by ARINC Specification 429. Even though ARINC Specification 
429 specifies a 32-bit word, including parity, the HS-3282 can be programmed to 


also operate with a word length of 25 bits. The incoming receiver data word parity Se ae an 


is checked, and a parity status is stored in the receiver latch and output on Pin 
BDO8 during the 1st word. [A logic “O” indicates that an odd number of logic “1"'s 
were received and stored; a logic “1” indicates that an even number of logic “1”s 


ao < @ < 

WNroet 
were received and stored]. In the transmitter the parity generator will generate 2 3 a Fy Fy 2 vic d wane) 
either odd or even parity depending upon the status of PARCK control signal. A zweyTtest+tst> 2 If Fr OZ 


o“” 

5 
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x 
aG 
a9 
os 
ss 
Os 
© 
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eo 
$a 
i. 
pe 
i) 


logic “O” on BD12 will cause odd parity to be used in the output data stream. 
Versatility is provided in both the transmitter and receiver by the external clock | N/@ 
input which allows the bus interface circuit to operate at data rates from 0 to 100 sii J 
kilobits. The external clock must be ten (10) times the data rate to insure no data DR2 
ambiguity. SEL fia 
The ARINC bus interface circuit is fully guaranteed to support the data rates of ENI 
ARINC specification 429 over both the voltage (+5%) and full military EN2 
temperature range. It interfaces with TTL, CMOS or NMOS support circuitry, and | sp1is 
uses the standard 5-volt VCC supply. BD14 
BD13 [1s 
BD12 
BD11 [17 


Ordering Information | | 


PACKAGE TEMPERATURE RANGE ORDER CODE 


Ceramic DIP 09°C to +709C HS1-3282-5 
-559C to +1259C HS1-3282-8 
SMD# 5962-8688001QA 
LCC 09°C to +709C HS4-3282-5 


-55°9C to +1259C HS4-3282-8 
5962-8688001 XA 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2964 
Copyright © Harris Corporation 1992 
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HS-3282 


Pin Assignment and Functions 


[rw [rman [excnon | oeennon 
[vee eartare [Seven swore 
[a [ eee | Posse [ARINC 76 att Rove 
[2 [20% @ | Peseiee [ARNG Hz a nate Roaber | 
[+ [e201 | Poser [ARINC 20 cum pte Roar? 
[= [ 200) | Peseier [ARNG cam nto Rooker? | 


D/R1 Receiver Device ready flag output from 
. Receiver 1 indicating a valid data 
word is ready to be fetched. 
7 O/R2 Receiver 
Receiver 2 indicating a valid data 
word is ready to be fetched. 
SEL Receiver | Bus Data Selector - Input signal to 
select one of two 16-bit words from 
either Receiver 1 or 2. 
Receiver Input signal to enable data from 
Receiver 1 onto the data bus. 


Receiver | Input signal to enable data from 


Device ready flag output from 


Receiver 2 onto the data bus 


i 
re 
3 
a 


Bi-directional data bus for fetching 
data from either of the Receivers, or 
for loading data into the Transmitter 
memory or control word register. 
See Control Word Table for 
description of Control Word bits. 


can 


rans 


7 rans 


3 


rans 


3 


TARE 


oO 
3 
a 
D 


ate 


BDO4 Recs/Trans 


See Pin 11. Control Word function 
not applicable. 
See Pin 11. Control Word function 
not applicable. 


BDO3 Recs/Trans 


EE 


BDO02 Recs/Trans | See Pin 11. Control Word function 
: - | not applicable. 


rans | See Pin 11. 


ie 


} PIN SYMBOL } SECTION | | DESCRIPTION 


BDO1 Recs/Trans | See Pin 11. Control Word function 
not applicable. 
27 BDOO Recs/Trans | See Pin 11. Control Word function 
not applicable. 
BLi —s| Transmitter | Parallel load input signal loading the 
first 16-bit word into the Transmitter 
memory. 
PL2 Transmitter | Parallel load input signal loading the 
second 16-Bit word into the 
Transmitter memory and _ initiates 
data transfer into the memory stack. 
TX/R Transmitter | Transmitter flag output to indicate 
the memory is empty. 


| at | 429D0 Data output from Transmitter. 
| 32 | 42900 Data output from Transmitter. 
Control word input strobe signal to 


ENTX Transmitter | Transmitter Enable input signal to 
initiate data transmission from FIFO 

CWSI R Recs/Trans 
latch the control word from the 
. into the control word 


memory. 
databus 
[es [= [= [Re connatn, Waste aon 


register. 
No connection. May be left open or 
tied low but never tied high. 
37 CLK | Recs/Trans | External clock input. May be either 
ten (10) or eighty (80) times the data 
rate. If using both ARINC data rates 
. it must be ten (10) times the highest 
. . ‘| data rate, (typically 1MHz). 


= TXCLK Transmitter Clock output. Delivers a 


clock frequency equal to the trans- 
mitter data rate. 


Master Reset. Active low pulse used 
to reset FIFO, bit counters, gap timer, 
word count signal, TX/R and various 
other flags and controls. Master 
reset does not reset the control word 
register. Usually only used on 
Power-Up or System Reset. 


ce 


Pinout 


20 19 18 17 16 15 14 


1312 1110987654321 


21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 


NC NC NC 
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Operational Description 


The HS-3282 Is designed to support ARINC Specification 
429 and other serial data protocols that use a similar format 
by collecting the receiving, transmitting, synchronizing, tim- 
ing and parity functions on a single, low power LSI circuit. It 
goes beyond the ARINC requirements by providing for 
either odd or even parity, and giving the user a choice of 
either 25 or 32 bit word lengths. The receiver and transmit- 
ter sections operate independently of each other. The seri- 
al-to-parallel conversion required of the receiver and the 
parallel-to-serial conversion requirements of the transmitter 
have been incorporated into the bus interface circuit. 


Provisions have been made through the external clock input 
to provide data rate flexibility. This requires an external 
clock that is 10 times the data rate. 


To obtain the flexibility discussed above, a number of exter- 
nal control signals are required, To reduce the pin count 
requirements, an internal control word register is used. The 
control word is latched from the data bus into the register by 
the Control Word Strobe (CWSTR) signal going to a logic 
“1”. Eleven (11) control functions are used, and along with 
the Bus Data (BD) line are listed below: 


Control Word 


BDOS5 SLFTST Connects the self test signal from the transmitter directly to the receiver shift registers, 
bypassing the input receivers. Receiver 1 receives Data True and Receiver 2 receives Data Not. 
Note that the transmitter output remains active. (Logic “O” on SLFTST Enables Self Test). 


BDO6 SDENB1 Signal to Activate the Source/Destination (S/D) Decoder for Receiver 1. (Logic “1” activates S/D 
Decoder). 


BDO7 lf SDENB1 = “1” then this bit is compared with ARINC Data Bit #9. If Y1 also matches (see Y1), the 
word will be accepted by the Receiver 1. if SOENB1 = “0” this bit becomes a don’t care. 


BDO8 Y1 lf SDENB1 = “1” then this bit is compared with ARINC Data Bit #10. If X1 also matches (see X1), 
the word will be accepted by the Receiver 1. if SDENB1 = “0” this bit becomes a don’t care. 

BDOS9 Signal to activate the Source/Destination (S/D) Decoder for Receiver 2. (Logic “1” activates S/D 
Decoder). 

BD10 X2 if SDENB2 = “1” then this bit is compared with ARINC Data Bit #9. If Y2 also matches (see Y2), the 
word will be accepted by the Receiver 2. If SDENB2 = “0” this bit becomes a don’t care. 

BD11 Y2 lf SDENB2 = “1” then this bit is compared with ARINC Data Bit #10. If X2 also matches (see X2), 
the word will be accepted by the Receiver 2. If SDENB2 = “0” this bit becomes a don’t care. 

PARCK Signal used to invert the transmitter parity bit for test of parity circuits. Logic ‘“O” selects normal 

odd parity. Logic “1” selects even parity. 

BD13 TXSEL Selects high or low Transmitter data rate. If TXSEL = “O” then transmitter data rate is equal to the 
clock rate divided by ten (10). If TXSEL = “1” then transmitter data rate is equal to the clock rate 
divided by eighty (80). 

BD14 RCVSEL Selects high or low Receiver data rate. If RCVSEL = “0” then the received data rate should be 
equal to the clock rate divided by ten (10), if RCVSEL = “1” then the received data rate should be 
equal to the clock rate divided by eighty (80). 

BD15 WLSEL Selects word length. If WLSEL = “0” a 32-bit word format will be selected. If WLSEL = “1” a 25-Bit 
word format will be selected. 
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ARINC 429 DATA FORMAT as input to the Recelver and 
output from the Transmitter is as follows: 


TABLE 1. ARINC 429 32 BIT DATA FORMAT 


ARINC BIT # FUNCTION 


Label 
SDI or Data 
LSB 


Data > 

MSB 

Sign 

SSM 

Parity Status 


This format is shuffled when seen on the sixteen 
bidirectional input/outputs. The format shown below is used 
from the receivers and input to the transmitter: 


TABLE 2A. WORD 1 FORMAT 


BI-DIRECTIONAL ARINC 
BIT # FUNCTION BIT # 


Data 
LSB 
SDI or Data 
SSM Status 
Parity Status 
Label 


TABLE 2B. WORD 2 FORMAT 


BI-DIRECTIONAL ARINC 
BIT # FUNCTION BIT # 


Sign 
a MSB 
Data 


Receiver Parity Status: 


O = Odd Parity 
1 = Even Parity 


If the receiver input data word string is broken before the 
entire data word is received, the receiver will reset and 
ignore the partially received data word. 


If the transmitter is used to transmit consecutive data words, 
each word will be separated by a four (4) bit “null” state 
(both positive and negative outputs will maintain a zero (0) 
volt level.) 


TABLE 3. ARINC 25-BIT DATA FORMAT 


ARINC BIT # FUNCTION 


1-8 Label 
LSB 
Data 
MSB 
Parity Status 


TABLE 4A. WORD 1 FORMAT 


Bi- DIRECTIONAL ARINC 
BIT # FUNCTION BIT # 


Don’t Care 
Parity Status 
Label 


TABLE 4B. WORD 2 FORMAT 


BI-DIRECTIONAL ARINC 
BIT # FUNCTION | BIT # 
15 


MSB 
a 1 Data 
LSB 


2 er 


Receiver Parity Status: 


= Odd Parity 
1 = Even Parity 
No Source/Destination (S/D) in 25-Bit format. 


Receiver Operation 


Since the two receivers are functionally identical, only one 
will be discussed in detail, and the block diagram will be 
used for reference in this discussion. The receiver consists 
of the following circuits: 


e The Line Receiver functions as a voltage level transla- 
tor. It transforms the 10 volt differential line voltage, 
ARINC 429 format, into 5 volt internal logic level. 


e The output of the Line Receiver is one of two inputs to 
the Self-Test Data Selector (SEL). The other input to 
the Data Selector is the Self-Test Signal from the Trans- 
mitter section. 


e The incoming data, either Self-Test or ARINC 429, 

- jis double sampled by the Word Gap Timer to generate 
a Data Clock. The Receiver sample _ frequency 
(RCVCLK), 1MHz, or 125kHz, is generated by the Re- 
ceiver/Transmitter Timing Circuit. This sampling 
frequency is ten times the Data Rate to ensure no data 
ambiguity. 


e The derived data clock then shifts the data down a 32- 
Bit long Data Shift Register (Data S/R1). The Data 
Word Length is selectable for either 25-Bits or 32-Bits 
long by the Control Signal (WLSEL). As soon as the data 
word is completely received, an _ internal signal 
(WDCNT1) is generated by the Word Gap Timer Circuit. 


e The Source/Destination (S/D) Decoder compares the 
user set code (X and Y) with Bits 9 and 10 of the Data 
Word. If the two codes are matched, a positive signal is 
generated to enable the WDCNT1 signal to latch in the 
received data. Otherwise, the data word is ignored and 
no latching action takes place. The S/D Decoder can be 
Enabled and Disabled by the control signal S/D ENB. If 
the data word is latched, an indicator flag (D/R1) is set. 
This indicates a valid data word is ready to be fetched by 
the user. 
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e After the receiver data has been shifted down the shift 
register, it is placed in a holding register. The device 
ready flag will then be set indicating that data is ready to 
be fetched. If the data is ignored and left in the holding 
register, it will be written over when the next data word is 
received. 


The received data in the 32 bit holding register is placed 
on the bus in the form of two (2) 16 bit words regardless 
of whether the format is for 32 or 25 bit data words. Ei- 
ther word can be accessed first or repeatedly until the 
next received data word falls into the holding register. 


e The parity of the incoming word is checked and the 
status (i.e., logic “O” for odd parity and logic “1” for even 
parity) stored in the receiver latch and output on BDO8 
during the Word No. 1. 


e Assuming the user desires to access the data, he first 
sets the Data Select Line (SEL) to a Logic “O” level and 
pulses the Enable (EN1) line. This action causes the Data 


Selector (SEL1) to select the first-data. word, which ® 


contains the label field and Enable it onto the Data Bus. 
To obtain the second data word, the user sets the SEL 
line to a Logic ‘‘1” level and pulse the Enable (EN1) line 
again. The Enable pulse duration is matched to the user 
circuit requirement needed to read the Data Word from 
the Data Bus. The second Enable pulse is also used to 
reset the Device Ready (D/R1) flip-flop. This completes a 
receiving cycle. 


Transmitter Operation 


The Transmitter section consists of an 8-word deep by 31- 
Bit long FIFO Memory, Parity Generator, Transmitter Word 
Gap Timing Circuit and Driver Circuit. 


¢ The FIFO Memory is organized in such a way that data 
loaded in the input register is automatically transferred to 
the output register for Serial Data Transmission. This 


eliminates a large amount of data managing time since ° 


the data need not be clocked from the input register to 
the output register. The FIFO input register is made up of 
two sets of 16 D-type flip-flops, which are clocked by 
the two parallel load signals (PLT and PL2). PL1 must al- 
ways precede PL2. Multiple PL1’s may occur and data 
will be written over. As soon as PL2 is received, data is 
transferred to the FIFO. The data from the Data Bus is 
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clocked into the D-type flip-flop on the positive going 
edge of the PL signals. If the FIFO memory is initially 
empty, or the stack is not full, the data will be 
automatically transferred down the Memory Stack and 
into the output register or to the last empty FIFO storage 
register. If the Transmitter Enable signal (ENTX) is not 
active, a Logic “O”, the data remains at the output 
register. The FIFO Memory has storage locations to hold 
eight 31-bit words. If the memory is full and the new data 
is again strobed with PL, the old data at the input register 
is written over by the new data. Data will remain in the 
Memory until ENTX goes to a Logic ‘'1”. This activates 
the FIFO Clock and data is shifted out serially to the 
Transmitter Driver. Data may be loaded into the FIFO 
only while ENTX is inactive (low). It is not possible to 
write data into the FIFO while transmitting. WARNING: If 
PL1 or PL2 is applied while ENTX is high, i.e., while 
transmitting, the FIFO may be disrupted such that it 
would require a MR (Master Reset) signal to recover. 


The Output Register of the FIFO is designed such that it 
can shift out a word of 24-Bits long or 31-Bits long. This 
word length is again controlled by the WLSEL bit. The TX 
word Gap Timer Circuit also automatically inserts a gap 
equivalent to 4-Bit Times between each word. This gives 
a minimum requirement of 29-Bit time or 36-Bit time for 
each word transmission. Assuming the signal, ENTX, 
remains at a Logic “1”, a transfer to stack signal is 
generated to transfer the data down the Memory Stack 
one position. This action is continued until the last word 
is shifted out of the FIFO memory. At this time a 
Transmitter Ready (TX/R) flag is generated to signal the 
user that the Transmitter is ready to receive eight more 
data words. During transmission, if ENTX is taken low 
then high again, transmission will cease leaving a portion 
of the word untransmitted, and the data integrity of the 
FIFO will be destroyed. 


A Bit Counter is used to detect the last Bit shifted out of 
the FIFO memory and appends the Parity Bit generated 
by the Parity Generator. The Parity Generator has a 
control signal, Parity Check (PARCK), which establishes 
whether odd or even parity is used in the output data 
word. PARCK set to a logic “O” will result in odd parity 
and when set to a logic 1” will result in even parity. 
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Sample Interface Technique 


From Figure 7, one can see that the Data Bus is same shared 
between the Receiver and Transmitter. Therefore, bus 
controlling must be synchronously shared between the 
Receiver and the Transmitter. 


Figure 1 shows the typical interface timing control of the 
ARINC Chip for Receiving function and for Transmitting 
function. Timing sequence for loading the Transmitter FIFO 
Memory is shown in Timing Interval A. A transmitter Ready 
(TX/R) Flag signals the user that the Transmitter Memory is 
empty. The user then Enables the Transmitter Data, a 16-Bit 
word, on the Data Bus and strobes the Transmitter with a 
Parallel Load (PL1) Signal. The second part of the 32-Bit 
word is similarly loaded into the Transmitter with PL2, which 
also initiates data transfer to stack. This is continuous until 
the Memory is full, which is eight 31-Bit words. The user 
must keep track of the number of words loaded into the 
Memory to ensure no data is written over by other data. Dur- 
ing the time the user is loading the Transmitter, he does not 
have to service the Receiver, even if the Receiver flags the 
user with the signal D/R1 that a valid received word is ready 
to be fetched. This is shown by the Timing interval B. If the 
user decides to obtain the received data before the Trans- 
mitter is completely loaded, he sets the two parallel load 
signals (PL1 and PL2) at a Logic “1” state, and strobes EN1 
while the signal SEL is at a Logic “O” state. After the nega- 
tive edge of EN1, the first 16-Bit segment of the received 
word becomes valid on the Data Bus. At the positive edge of 
EN1, the user should toggle the signal SEL to ready the 
Receiver for the second 16-Bit word. Strobing the Receiver 


RCV CLK 


| WLSEL RCVSEL 


WODCNT 1 


eo GAP 


with EN1, the second time, enables the second 16-Bit word 
and resets the Receiver Ready Flag D/R1. The user should 
now reset the signal SEL to a Logic “0” state to ready the 
Receiver for another Read Cycle. During the time period 
that the user is fetching the received words, he can load the 
transmitter. This is done by interlacing the PL signals with 
the EN signals as shown in the Timing Interval B. Servicing 
the Receiver 2 is similar and is illustrated by Timing interval 
C. Timing interval D shows the rest of the Transmitter load- 
ing sequence and the beginning of the transmission by 
switching the signal TX Enable to a Logic “1” state. Timing 
interval E is the time it takes to transmit all data from the 
FIFO Memory, either 288 Bit times or 232 Bit times. 


Repeater Operation 


This mode of operation allows a data word that has been 
received to be placed directly in the FIFO for transmission. 
A timing diagram is shown in Figure 6. A 32 bit word is used 
in this example. The data word is shifted into the shift regi- 
ster and the D/R flag goes low. A logic “O” is placed on the 
SEL line and EN1 is strobed. This is the same as the normal 
receiver operation and places half the.data word (16 bits) on 
the data bus. By strobing PL1 at the same time as EN1, 
these 16 bits will be taken off the bus and placed in the 
FIFO. SEL is brought back high and EN1 is strobed again 
for the second 16 bits of the data word. Again by strobing 
PL2 at the same time the second 16 bits will be placed in 
the FIFO. The parity bit will have been stripped away leaving 
the 31 bit data word in the FIFO ready for transmission as 
shown in Figure 5. 
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FIGURE 7. SINGLE CHIP ARINC 429 INTERFACE FUNCTIONAL BLOCK DIAGRAM 
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Specifications HS-3282 


Absolute Maximum Ratings 


Supply Voltage ... 0... ccc cece cece ccc ccececcceuceeceeuces 7.0V. Thermal Resistance Bia Bic 

Input, Output or 1/O Voltage Applied Ceramic DIP Package ................. 7290C/W Ss 129C/W 
(Except Pins 2-5)...........0.cccee GND -0.3V to VDD +0.3V Ceramic LCC Package ..............64- ~—650C/W 10.3°C/W 

Input Voltage Applied (Pins 2-5) ..............0085 -29Vto+29V Package Power Dissipation at +125°C 

Junction Temperature .......... 0. cc cece ec ec ceca +175°9C Ceramic DIP Package ...........cc ccc ee cece cence 695mW 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ...... 0... cece e eee cence eens 769mW 

ESD ClassiliCation 4. .incnedievaedecuteaiawuiieee sears Class"1" -Gate Count ask eoiivstecin cose ses ewes deh eesniedsks 2632 Gates 


CAUTION: Stresses in excess of those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress only ratings and 


Thermal Information 


. +300°C 


operation of the device at these or any other conditions in excess of those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions 


Operating Temperature Range Operating Voltage Range...............c cece eee 4.75V to 5.25V 
S626 2S anc vee nhs co wee hee eeea ues cae 0°C to +709C 
HS<S28255 5 6 cis cs wee tn tawsdieeeniaeaeles es -559C to +125°9C 


DC ELECTRICAL PERFORMANCE CHARACTERISTICS Vpp = 5V + 5%; Ta = 09°C to +70°C (HS-3282-5), 
Ta = -559C to +125°C (HS-3282-8) 


LIMITS 
D.C. PARAMETERS SYMBOL CONDITIONS 


ARINC INPUTS Pins 2-3, 4-5 
Logic “1” Input Voltage 

Logic ‘‘O” Input Voltage 

Null Input Voltage 

Common Mode Voltage 

Input Leakage 


Input Leakage 


Differential Input 
impedance 


Input Impedance to VDD 

input Impedance to GND 

BIDIRECTIONAL INPUTS Pins 11-20, 22-27 
Logic “1” Input Voltage 

Logic “O” Input Voltage 

Input Leakage 

Input Leakage 

ALL OTHER INPUTS Pins 8-10, 28, 29, 33, 34, 37, 39 
Logic “1” Input Voltage 

Logic “O” Input Voltage 

Input Leakage 

Input Leakage 


Vpop = 5.25V 
Vpop = 5.25V 
Vop = 4.75V, 5.25V 
Vpp = 4.75V, 5.25V 


Vpp = 5.25V, 
VIN = +6.5V 


Vpp = 5.25V, VIN = 0.0V 


Vpp = 5.25V, 
VIN = +5V, -5V 


Vop = 5.25V, VIN = OV 
Vpp = Open, VIN = 5.0V 


Vpp = 5.25V 

Vop = 4.75V 

Vpp = 5.25V, VIN = 5.25V 
Vop = 5.25V, VIN = 0.0V 


Vpp = 5.25V 

Vop = 4.75V 

Vop = 5.25V, VIN = 5.25V 
Vop = 5.25V, VIN = 0.0V 


OUTPUTS Pins 6, 7, 11-20, 22-27, 30-32, 38, Supply Pin 1 


Logic “1” Output Voltage 
Logic “O” Output Voltage 
Standby Supply Current 


Operating Supply Current 


Vpop = 4.75V, 
1OH = -1.5mA 
Vpp = 4.75V 
IOL = 1.8mA 


Vop = 5.25V, VIN = OV 
Except 9, 10, 29 = 5.25V 


Vop = 5.25V, VIN = 5.25V 
Except 8, 33 = 0.0V, 
CLK = 1MHz 
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Specifications HS-3282 


AC ELECTRICAL PERFORMANCE CHARACTERISTICS Vop = 5V + 5%; Ta = 0°C to +70°C (HS-3282-5), 
Ta = ~55°C to +1250C a 


A.C. PARAMETERS SYMBOL — CONDITIONS 


Clock Frequency Vop = = 4.75V, 5.25V 


Data Rate 1/ 


Data Rate 2/ 
Master Reset Pulse Width 
RECEIVER TIMING 


2 
FD 
TMR 


| oumits | 


Receiver Ready Time 
From 32nd Bit 1/ 


Receiver Ready Time 
From 32nd Bit 2/ 


Device Ready to Enable Time 
Data Enable Pulse Width 


Data Enable to Data 
Enable Time 


Data Enable to Device 
Ready Reset Time 


Output Data Valid to 
Enable Time 


Data Enable to Data 
Select Time 


Data Select to Data 
Enable Time 


Output Data Disable Time 
CONTROL WORD TIMING 


Control Word Strobe 
Pulse Width 


Control Word Setup Time 

Control Word Hold Time 
TRANSMITTER FIFO Write Timing 
Parallel Load Pulse Width 


Parallel Load to Parallel 
Load 2 Delay 


Transmitter Ready Delay Time 
Data Word Setup Time 

Data Word Hold Time 
TRANSMITTER Output Timing 


Enable Transmit to Output 
Data Valid Time 1/ 


Enable Transmit to Output 
Data Valid Time 2/ 


Output Data Bit Time 1/ © 
Output Data Bit Time 2/ 
Output Data Null Time 1/ 
Output Data Null Time 2/ 
Data Word Gap Time 1/ 
Data Word Gap Time 2/ 


Data Transmission Word to 
TX/R Set Time 


Enable Transmit Turnoff Time 
REPEATER OPERATION TIMING 


-Data Enable to Parallel 
Load Delay Time 
Data Enable Hold for 
Parallel Load Time 


Enable Transmit Delay Time 


NOTES: 1. 100kHz Data Rate. 2. 


~ TO/R2 
TD/R2 
TD/REN 
TEN 
TENEN 
TEND/R 
TENDATA 
TENSEL 


TSELEN 


TDATAEN 


TCWSTR 


TCWSET 
TCWHLD 


TPL 
TPL12 


TTX/R 
TOWSET 
TDOWHLD 


TENDAT. 
TENDAT 


TBIT 
TBIT 
TNULL 
TNULL 
TGAP 
TGAP 
TOTX/R 


TENTX/R 
TENPL 
TPLEN 


TTX/REN 


12.5kHz Data Rate. 


Vop = 4.75V, 5.25V 


Vpp = 4.75V, 5.25V 


! 


Vop = 4.75V, 5.25V 


Vpp = 4.75V, 5.25V 


Vpp = 4.75V, 5.25V 
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Specifications HS-3282 


ELECTRICAL PERFORMANCE CHARACTERISTICS Vpp = 5V + 5%; Ta = 0°C to +70°C (HS-3282-5), 
Ta = -55°C to +125°C (HS-3282-8) 


(Note 1) 
PARAMETERS CONDITIONS 


0 
Input Capacitance to Vpp CH 
CG = ' 
Ci 


Input Capacitance to GND 
Output Capacitance Vpp = Open, f = 1MHz, Note 2,5 
Clock Rise Time CLK = 1MHz, From 0.7V to 3.5V 


THLC CLK = 1MHz, From 3.5V to 0.7V 
TLHI From 0.7V to 3.5V, Note 6 
Input Fall Time THLI From 3.5V to 0.7V, Note 6 


NOTES: 1. The parameters listed in this table are controlled via design or 3. Pins 2-3, 4-5. 
process parameters and are not directly tested. These parame- 
: 4. Pins 8-10, 28, 29, 33, 34, 37, 39. 
fers are characterized upon initial design and after major - . 
process and/or design changes affecting these parameters. 5. Pins 6, 7, 11-20, 22-27, 30-32, 38. 


2. All measurements are referenced to device GND. 6. Pins 8-20, 22-29, 33, 34. 
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FIGURE 2. RECEIVER TIMING 


FIGURE 3. CONTROL WORD TIMING 
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Timing Waveforms (Continued) 


FIGURE 4. TRANSMITTER FIFO WRITE TIMING 
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FIGURE 5. TRANSMITTER OUTPUT TIMING 
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FIGURE 6. REPEATER OPERATION TIMING 
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Burn-In Circuit 


NOTES: 


1. 


OPON 


Resistors = 47k2, 5%, 
1/4 Watt (Min) 
GND = Ground 


. VOD = +5.5V; +0.5V 
. ~C = 0.01 pF/Socket (Min) 
. FO = 100kHz 


F1 = FO/2 


F15 = F14/2 


NC 
NC 
NC 
F9 
VDD 
F8 
F15 
F14 
F13 
F12 
F1t 


VDD 


FiS 
F14 
F13 
F12 
Fil 
F10 
F9 
F8 
F7 
F6 


HS-3282 CERAMIC DIP 


BIBIBIBIBIBIBIBIBIBIE 


HS-3282 CERAMIC LCC 


HS-3282 


VDD 
GND 


GND 


N/C 
N/C 
Vpp 
GND 
NC 
N/C 
N/C 


_*F8 


F8 
FO 
F1 
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Metallization Topology 


DIE DIMENSIONS: 
246 x 224 x 19 mils 
(6250 x5700 x 483 pm) 


METALLIZATION: 
Type: Si-Al 
Thickness: 11KA + 2kA 
GLASSIVATION: 
Type: SiOo 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°9C (Max) 


WORST CASE CURRENT DENSITY: 
2x 105 A/cm2 


LEAD TEMPERATURE (10 sec soldering) 
< 300°C 


Metallization Mask Layout 
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SEL (8) 


EN1 (9) 


EN2 (10) 
BD15 (11) 
BD14 (12) 
BD13 (13) 
BD12 (14) 
BD11 (15) 


BD10 (16) 


BDO7 (19) 
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BDOS (24) 


BDO2 (25) 


aoe 
ae is rt 


BDO1 (26) 


(38) TX CLK 


(36) N/C 


(35) N/C 


(34) CWSTR 


(33) ENTX 
(32) 42900 
(31) 429D0 


(30) TX/R 


(29) PL2 


(28) PL1 


(27) BDOO 
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a SEMICONDUCTOR 


GENERAL DESCRIPTION 


The ICL232 is a dual RS-232 transmitter/receiver inter- 
face circuit that meets all EIA RS-232C specifications. It 
requires a single +5V power supply, and features two on- 
board charge pump voltage converters which generate 
+10V and —10V supplies from the 5V supply. 


The drivers feature true TTL/CMOS input compatibility, 
slew-rate-limited output, and 300 ohms power-off source 
impedance. The receivers can handle up to +30 volts, and 
have a 3 to 7 kilohms input impedance. The receivers also 
have hysteresis to improve noise rejection. 


Typical Applications 

Any System Requiring RS-232 Communications Port: 
© Computers—Portable and Mainframe 

© Peripherals—Printers and Terminals 

® Portable Instrumentation 

© Modems 

© Dataloggers 


ORDERING INFORMATION 


ICLes2cPE | O°Cto + 70°C 
ICL232CJE 
—40°C to + 85°C 


Outline Drawing (PE, JE) 


Figure 1: Pin Configurations 


soic Package (BE) 


ICL232 


+5 Volt Powered Dual RS-232 


Transmitter/Receiver 


FEATURES 

© Meets All RS-232C Specifications 

© Requires Only Single + 5V Power Supply 
© Onboard Voltage Quadrupler 

© Low Power Consumption 


© 2 Drivers 
—+9V Output Swing for + 5V Input 
—300 Ohms Power-off Source Impedance 
—Output Current Limiting 
—TTL/CMOS Compatible 
—30 V/us Maximum Slew Rate 


© 2 Receivers : 
—+30V input Voltage Range 
—3 to 7 kohms Input Impedance 
—0.5V Hysteresis to Improve Noise Rejection 

© All Critical Parameters are Guaranteed Over the 
Entire Commercial, Industrial and Military 
Temperature Ranges 


. 0100-1 
Figure 2: ICL232 Functional Diagram 
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HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: All typical values have been characterized but are not tested. 


File Number 3020 


ABSOLUTE MAXIMUM RATINGS 


Voc to ground ............... (GND — 0.3V) < Voc < 6V 
V+ toground .............08. (Voc — 0.38V) < Vt < 12V 
V~- toground.............. —-12V <V_ < (GND + 0.3V) 
Input Voltages 
de 2 ee (V~ — 0.3V) < Vin < (Vt + 0.3V) 
Piling ein: eeeeeok sie vetes Gite Wied axes Meatlerase eng ee ae +30V 
Output Voltages 


T1out, T2out ..(V~ — 0.3V) < VrxouT < (V* + 0.3V) 
AIpUT AZOUT ssess eiidn tie e sera ns cesar eeeet es 


Short Circuit Duration 


TIOUT V2OUT see Ses eel eede a eeias etal Continuous 
RIGUTRACOUT cs Serie deans eeeReas Continuous 
Continuous Total Power Dissipation (Tg = 25°C) 
GERDIP Packane cc. scree t ech ee anciadees 500mW 
derate —9.5 mW/°C above 70°C 
PIAStIC PACKAGE ss 6cs sos wei at belie eg wus0e as 375mW 


derate —7.0 mW/°C above 70°C 


ICL232 


SO Package: 24 mis5a330 tea eo aise etka ces 375 mW 
derate —7.0 mW/°C above 70°C 
Storage Temperature Range........... — 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec)............ + 300°C 
Operating Temperature Range 
CES 2G ii tet cy teen ene Oi nee tees 0°C to + 70°C 
ICL 282) se rcdiee 28 oe 55 oath uate aoa te — 40°C to + 85°C 
IGE232M ssiein eekcis eS Reka e BOR. 8 —55°C to + 125°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS Test Conditions: Vcc = +5V +10%, Ta = operating iSenperatire range, 


Test Circuit as in Figure 3 (unless otherwise specified) 


V 
V 


| 
V 


Vin (H-L 
Vin (L-H 


e 


V 
V, 


CC 
IL 
IH 
in 
OL 
OH 

Ta 

Isc 


RS-232 Output Short Circuit Current 


NOTE 1: Guaranteed by design. 
2: See Figure 5 for definition. 


NOTE: All typical values have been characterized but are not tested. 


Parameter Test Conditions 
ae... Pd ir 
Tout Transmitter Output Voltage Swing T1loyt and T2out loaded with | 
+5 +9 | +10 
3 kf. to ground 


Power Supply Current | Outputs Unloaded, T, = 25°C 
Tin, Input Logic Low ee ll 
Tin, Input Logic High Re See eel 


RS-292 Input Voltage Range Le ae aes 


Logic Pullup Current Tin, T2in = OV 
i V 

Receiver Input Low Threshold Veco = 5.0V, Ta = 25°C 
i V 


Receiver Input Impedance 


C 
C 


TTL/CMOS Receiver Output Voltage Low | lout = 3.2mA 
TTL/CMOS Receiver Output Voltage High | lout = —1.0mA 
Propagation Delay -232 to TTL or TTL to RS-232 


R 
Instantaneous Slew Rate CL = 10 pF, RL = 3kN 
25°C (Note 1, 2) 


Transition Region Slew Rate Ri = 3k, C, = 2500 pF Measured 

from + 3V to —3V or —3V to + 3V 
Output Resistance Veo = Vt = V— = OV, Vout = £2V 
Tout OF T2oyut Shorted to GND 


a 

i ae 

boa 

| =30 

in | 3.0 | 

- re 

[ReceiverinputHigh Threshold | Veo = 8.0V.Ta= 25°C | 
Viyst_ | Receiver Input Hysteresis | 
i a 

i . 35 | 

3 i 

| 300 _ 

bes 


< 

cw 
= 

7) 


9 IN ee 
> > C16 


a> 


< 
on 
< 
a) 
v~) 
O 
= 
O 


COMMUNICATIONS 


ICL232 


+4.5V TO 
#5.5V INPUT 


T1 OUTPUT <== 
RS=232 as 
£30V INPUT 


TIL / CMOS 
OUTPUT 


TIL / CMOS 
INPUT 


TIL / CMOS 


— 12 OUTPUT sisi 
= — RS-232 TIL / CMOS 
£30V INPUT OUTPUT 


aed 0100-4 


Figure 3: General Test Circuit Figure 4: Power-Off Source Resistanc 


Configuration : 


TYPICAL PERFORMANCE CHARACTERISTICS 
V+, V~— Output Voltages vs Load 


V+, V~— Output Impedances vs Vcc ‘a Current 
3 
” -_ 
2 = 
g 
: : 
~ > 
z ts 
a E 
L oO 
% 

0123 45 6 7 8 9 10 
INPUT SUPPLY VOLTAGE Vcr (VOLTS) toap| (mA) 
0100-5 . 0100-6 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


The ICL232 is a dual RS-232 transmitter/receiver pow- 
ered by a single + 5V power supply which meets all EIA RS- 
232C specifications and features low power consumption. 
The functional diagram (Figure 2) illustrates the major ele- 
ments of the ICL232. The circuit is divided into three sec- 
tions: a voltage quadrupler, dual transmitters, and dual re- 
ceivers. 


Voltage Converter 


An equivalent circuit of the dual charge pump is illustrated 
in Figure 5. 


The voltage quadrupier contains two charge pumps which 
use two phases of an internally generated clock to generate 
+10V and —10V. The nominal clock frequency is 16 kHz. 
During phase one of the clock, capacitor C1 is charged to 
Voc. During phase two, the voltage on C1 is added to Veo, 
producing a signal across C2 equal to twice Voc. At the 
same time, C3 is also charged to 2V¢c, and then during 
phase one, it is inverted with respect to ground to produce a 
signal across C4 equal to —2Vo¢,. The voltage converter 
accepts input voltages up to 5.5V. The output impedance of 
the doubler (V+) is approximately 200 ohms, and the output 
impedance of the inverter (V~) is approximately 450 ohms. 
Typical graphs are presented which show the voltage con- 
verters output vs input voltage and output voltages vs load 
characteristics. The test circuit (Figure 3) uses 22 uF capac- 
itors for C1-C4, however, the value is not critical. Increasing 
the values of C1 and C2 will lower the output impedance of 
the voltage doubler and inverter, and increasing the values 
of the reservoir capacitors, C3 and C4, lowers the ripple on 
the V+ and V~— supplies. 


RC 
OSCILLATOR 


Figure 5: Dual Charge Pump 


NOTE: All typical values have been characterized but are not tested. 
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90% Vou 
Tout IZout is 0% f ss 
ty t, 


0100-7 


(0.8) (Voh — Vo) or (0.8) (Voi — Von) 
t tt 
Figure 6: Slew Rate Definition 


Instantaneous Slew Rate (SR) = 


Transmitters 


The transmitters are TTL/CMOS compatible inverters 
which translate the inputs to RS-232 outputs. The input log- 
ic threshold is about 26% of Vee, or 1.3V for Veg = 5V. A 
logic 1 at the input results in a voltage of between —5V and 
V~— at the output, and a logic 0 results in a voltage between 
+5V and (V+ —0.6V). Each transmitter input has an inter- 
nal 400 kilohm pullup resistor so any unused input can be 
left unconnected and its output remains in its low state. The 
output voltage swing meets the RS-232C specification of 
+5V minimum with the worst case conditions of: both trans- 
mitters driving 3kohm minimum load impedance, 
Veco = 4.5V, and maximum allowable operating tempera- 
ture. The transmitters have an internally limited output slew 
rate which is less than 30V/us. The outputs are short circuit 
protected and can be shorted to ground indefinitely. The 
powered down output impedance is a minimum of 300 
ohms with +2V applied to the outputs and Ve, = OV. 
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2] 
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Ve 


Voc 


Tym 


) Tour 
GND < Typ < Vec 3002 Va < Vrout < Ve 


Ve 
Figure 7: Transmitter 


Receivers 


The receiver inputs accept up to +30V while presenting 
the required 3 to 7 kilohms input impedance even if the 
power is off (Ve¢ =O0V). The receivers have a typical input 
threshold of 1.3V which is within the +3V limits, known as 
the transition region, of the RS-232 specification. The re- 
ceiver output is OV to Voc. The output will be low whenever 
the input is greater than 2.4V and high whenever the input is 
floating or driven between +0.8V and —30V. The receivers 
feature 0.5V hysteresis to improve noise rejection. 


Ryn 


Rout 
=30V < Rygy < #30V GND < Vpout < Voc 


GND O 
; 0100-14 
Figure 8: Receiver 
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Figure 10: Simple Duplex RS-232 Port with CTS/RTS Handshaking 


NOTE: All typical values have been characterized but are not tested. 
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Figure 9: Propagation Delay Definition 


APPLICATIONS 


The ICL232 may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 
where +12V power supplies are not available for conven- 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 

A simple duplex RS-232 port with CTS/RTS handshaking 
is illustrated in Figure 10. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 5 k resistor con- 
nected to Vt. : 

In applications requiring four RS-232 inputs and outputs 
(Figure 11), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which ef- 
fectively increases the output swing of the transmitters. 
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DSRS (24) DATA 
SIGNALING RATE SELECT 


RS = 232 
INPUTS & OUTPUTS 


TD (2) TRANSMIT DATA 
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RD (3) RECEIVE DATA 


CTS (5) CLEAR TO SEND 
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TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 


CTS (5) CLEAR TO SEND 


RS = 232 
INPUTS & OUTPUTS 


*02 
= 22 pF 


OTR (20) DATA TERMINAL READY 


DSRS (24) DATA SIGNALING RATE SELECT 


DCD (8) DATA CARRIER DETECT 


RI (22) RING INDICATOR 


SIGNAL GROUND (7) 
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Figure 11: Combining Two ICL232’s for 4 Pairs of RS-232 inputs and Outputs 


NOTE: All typical values have been characterized but are not tested. 
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HM-XXXX Series Low Voltage Data Retention 


HARRIS HM-XXXX Series CMOS RAMs are designed with _—3. All other inputs should be held either high (at CMOS VCC) or at 


battery backup in mind. Data retention voltage and supply ground to minimize ICCOR. 
current are guaranteed over temperature. The following rules 4. Inputs which are to be held high (e.g. E) must be kept between 
insure data retention: VCC +0.3V and 70% of VCC during the power up and power 


1. Chip Enable (E) must be held high during data retention; withi tenes 
. Chi i ri ntion; wi 
Ge to VCC +0.3V re pen eee " 5. The RAM can begin operation one TEHEL (for synchronous 


; ear a RAMs) and >5ns (for asynchronous RAMs) after VCC reaches 
2. On RAMs which have selects or output enables (e.g. S, G), one 


the minimum operating voltage (4.5 volts). 
of the selects or output enables should be held in the deselected 
state to keep the RAM outputs high impedance, minimizing pow- 


er dissipation. 
DATA RETENTION TIMING 
DATA RETENTION MODE 
uae 4.5V 4.5V 
VCC 2 2.0V SEE NOTE 5 


TEHEL 


YU \X 
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Industry CMOS RAM Cross Reference 
HARRIS CMOS RAMs 
|__oescririon | vans | amo | eo | ‘rou | acm | wor [stn |onotal wnat | nec | ox |" ncn” |suos| "toa | omen 


1k x 1, 16 Pin Synchronous HM-6508 8401 6508 6508 443 6508 2125, 4015 
74C929 1821 . 
1K x 1, 18 Pin Synchronous 6518 6518 
74C930 
256 x 4, 22 Pin Synchronous HM-6551 6551 
740920 
315D, 4104, 


92L44 4315 
6147 
4404 
HM-6514 91L14 8414 4334 58981 6514 6514 444 5114 6514 5514 | 2114, 2148, 
91L24 6148 5115 | 2149, 4045, 
314A 


2K x 8, 24 Pin Asynchronous HM-65162 8416 6116 6116 5117 | 65116 — 7 a 2116, 
2016, 4016 

16K x 1, 20 Pin Asynchronous | HM-65262 8167 6167 6167 2267 2167, 
2367 8167,1400 


99C88 | 8808A | 8464 7164 6164 . 2064 
8808 7M864 2264 
8M864 


Teeatwnnameon wry — wm TT TT TT TTT TT 


“4K x 1, 18 Pin Synchronous 2141, 2147, 


1K x 4, 18 Pin Synchronous 


HM-65642 
HM-8808A* 
HM-8808* 


8K x 8, 28 Pin Asynchronous 


a x B/16Kx 16 48 —— e | HM-92560 | | | 
Asynchronous HM-92570 

32K x 8 28 Pin Module HM-8832 8832 

asishaidelcend 


a 


* CMOS RAM Module 


FARRIS 


SEMICONDUCTOR 


CDP1821C/3 


High-Reliability CMOS 
1024-Word x 1-Bit Static RAM 


aD 


February 1992 


Features 
e Static CMOS Silicon-On-Sapphire Circuitry-CD4000- 
Series compatible 


Compatible with CDP1800-Series Microprocessors at 
Maximum Speed 


e Fast Access Time............ 100ns Typ. @ Vop = 5V 
e Single voltage Supply 

¢ No Precharge or External Clocks Required 

e Low Quiescent and Operating Power 

e Separate Data Inputs and Outputs 

¢ High Noise Immunity.................. 30% Of Vop 


e Memory Retention for 
Standby Battery Voltage Down to 2V @ +25°C 


e Latch-Up-Free Transient-Radiation Tolerance 


Description 


The CDP1821C/3 is a 1024-word x 1 bit CMOS silicon-on- 
sapphire (SOS), fully static, random-access memory 
designed for use in CDP1800 microprocessor systems. This 
device has a recommended operating voltage range of 4 to 
6.5 volts. 


The output state of the CDP1821C/3 is a function of the 
input address and chip-select states only. Valid data will 
appear at the output in one access time following the latest 
address change to a selected chip. After valid data appears, 
the address may be changed immediately. It is not neces- 
sary to clock the chip-select input or any other input terminal 
for fully static operation; therefore the chip-select input may 
be used as an additional address input. When the device is 
in an unselected state (CS = 1), the internal write circuitry 
and output sense amplifier are disabled. This feature allows 


the three-state data outputs from many arrays to be OR-tied 
to a common bus for easy memory expansion. 

The CDP1821C/3 is supplied in the 16-lead hermetic dual- 
in-line side-brazed ceramic package (D suffix) that conforms 
to MIL-M-38510 Case Outline D-2. 


Ordering Information 


PACKAGE TEMP. RANGE ORDER CODE 
Ceramic DIP -55°C to +125°C CDP1821CD3 


Pinout Functional Block Diagram 
16-LEAD DIP 
TOP VIEW ESO i 
R/WO 
BUEFERS : 
OL. O- ----- = COL. 31 
Ao : Crow o ze. 
’ > amma | 16 man 16x32 7 Voo > 
Ae DECODER Peer bie rs 
MOeHedes = ie Cae Oa 5 = 
e Lu 
ox cs Aw ss Fest ares | ane = 
See See 
ASO U U 00 o 
j 
aE et 2 eal naitine] -2 : 


rasan ROW 16 


BeCooER CE l t AR RAY 


en ee ee ROW 31 


BUFFERS 
FIGURE 1. 


OPERATIONAL MODES 


INPUTS OUTPUT 


READ/WRITE Ro raeeeerr 
R/W DATA CUTPUT DO 


Ce a SS aS LL a 
[8 i| 8 _—* Highimpedance 
[| 0 | Contents of Adcressed Gall 

X = Don't Care Tone = High Logic 0 = Low 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CDP1821C/3 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp) Device Dissipation Per Output Transistor 
(All Voltages Referenced to Vs Terminal) ........ -—0.5V to +7V T, = Full Package Temperature Range 
Input Voltage Range, All inputs ............. —0.5V to Vop +0.5V (All Package Typ@S)........ cece cece cece eee eees 100mW 
DC Input Current, Any One Input............. 0.2.2 cece eee +10mA Operating Temperature Range (T,)............ ~55°C to +125°C 
Power Dissipation Per Package (Pp) Storage Temperature Range (Tag) .......----- ~65°C to +150°C 
Th 08°C 4100S oo deena sheeiwavitassaese es 500mwW ___ Lead Temperature (During Soldering): 
Ta = +100°C to +125°C. 2. cee cc ene Derate Linearly at At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
12mWP/C to 200mW from case for 10s max......... Latsnawhieaeaaeeay +265°C 


Recommended Operating Conditions _T, = Full Package-Temperature Range, For maximum reliability, nominal operating con- 
ditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 


Static Electrical Characteristics Vp )=5V 5% 


LIMITS 
-55°C, +25°C +125°C 
CHARACTERISTIC SYMBOL 


Quiescent Device Current (Note 1) Vin = OV OF Vop a 


Output Low Drive (Sink) Current (Note 1) lot Vout = 0.4V 


Output High Drive (Source) Current 
(Note 1) 


Output Voltage Low-Level Voi 


Output Voltage High-Level Vou 


& 
— 
4 
ul 
< 
Oo 
Oo 
=) 
> 
< 


Input Low Voltage Vit 


Input High Voltage 


Input Current (Note 1) Vin = OV or Vop 


3-State Output Leakage Current (Note 1) lout Vin = OV or Vop 


Operating Current (Note2) 


Input Capacitance 


Ad 
z 


< 
x 


Output Capacitance 


NOTES: 
1. Limits designate 100% testing. All other limits are designer's pa- 2. Measured with 1-s read-cycle time and outputs floating. 
rameters under given test conditions and do not represent 100% 
testings 


Cour 


Specifications CDP1821C/3 


Read Cycle Dynamic Electrical Characteristics 1, t, = 10ns, C, = 50pF 


NOTE: 1. 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing. 


A0-A9 ‘ 'RC a — 


R/W “GY j 
(NOTE 3) Nj t (NOTE 4) 


toon (NOTE §) 
DATA OUT HI 
(NOTE 5) "AA aie 4 = 
L IMPEDANCE 


NOTES: 
1. Chip-Select (CS) permitted to change from high to low level or remain low on a selected device. 
2. Chip-Select (CS) permitted to change from low to high level or remain low. 
3. Read/Write (R/W) must be at a high level during all address transitions. 
4. Don't care. 
5. Data-Out (DO) is a high impedance within tp)s ns after the falling edge of R/W or the rising edge of CS. 
FIGURE 2. READ CYCLE TIMING DIAGRAM 


CMOS MEMORY 


Specifications CDP1821C/3 


Write Cycle Dynamic Electrical Characteristics t,t, = 10ns, C, = 50pF 


Input Data Hold Time (Note 1) 


Read/Write Pulse Width Low (Note 1) 


NOTE: 1. 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing. 


cs / (NOTE 1) | HIF, ' 
Sh: (NOTE 2) 


R/W 
(NOTE 3) ‘as 


oI 


NOTES: 
1. Chip-Select (CS) permitted to change from high to low level or remain low on a selected device. 
2. Chip-Select (CS) permitted to change from low to high level or remain low. 
3. Don't care. | 
FIGURE 3. WRITE CYCLE TIMING DIAGRAM 


Specifications CDP1821C/3 


Data Retention Characteristics 


TEST 
CONDITIONS 


Vor Vpp 
CHARACTERISTIC SYMBOL (V) (V) 
Minimum Data Retention Voltage Vop 
(Note 1) | 


Data Retention Quiescent Current 
(Note 1) 


Chip Deselect to Data Retention Time | tom | - | 58 | 
Recovery to Normal Operation Time pote f - ft 8 | 450 


DATA RE TENTION 
MODE 


0.95 Voo 0.95 Vop 


FIGURE 4. LOW Vpp DATA RETENTION WAVEFORMS AND TIMING DIAGRAM. 


Burn-in Circuit > 
S 
at = rc —0 Vop 0 16 22 5.0 ae 7.2 100 us a 
Ao —WV. Fi 15-10 2 
At 3 | 14) o1 = 
A2 ri 3 MW 9 oO 
A3 5 | 42! As 
A4 6 14 A AT 
Vpp’2 © 7 AG 
Ri n Pa} AS 
R=8.2kQ 20% 
Ry = 2kQ. 20% 


Ai - A11 ARE DIVISION BY 2 BASED ON Ad. 


| PACKAGE | Vop TEMPERATURE DURATION 


FIGURE 5. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM. 
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_— CDP 1822 
FARRIS , 
a) NSIS CDP1822C 


| 256-Word x 4-Bit 
February 1992 | | LSI Static RAM 
Features | | | Description 
¢ Low Operating Current The CDP1822 and CDP1822C are 256-word by 4-bit static 
- Vop = 5V, Cycle Time 1s. ... 2... cece ee eee 8mA_  random-access memories designed for use in memory sys- 
tems where high speed, low operating current, and simplicity 
¢ Industry Standard Pinout in use are desirable. The CDP1822 features high speed and 
¢ Two Chip-Select Inputs-Simple Memory Expansion a wide operating voltage range. Both types have separate 


data inputs and outputs and utilize single power supplies of 4 
¢ Memory Retention for Standby Battery Voltage of 2V its to 6.5 volts for the CDP1822C and 4 volts to 10.5 volts 


Minimum for the CDP 1822. 
Output-Disable for Common I/O Systems 


| | Two Chip-Select inputs are provided to simplify system 
e 3-State Data Output for Bus-Oriented Systems expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output sys- 
tems. The Output Disable input allows these RAMs to be 
used in common data Input/Output systems by forcing the 
—_—  —— output into a high-impedance state during a write operation 
Ordering Information independent of the Chip-Select input condition. The output 


assumes a high-impedance state when the Output Disable is 
TEMPERATURE 
RANGE 


at high level or when the chip is deselected by CS1 and/or 
CS2. 
Plastic DIP | = -40°C to +85°C 
Ceramic DIP | -40°C to +85°C external pull-up resistor at each input. 


The high noise immunity of the CMOS technology is pre- 
served in this design. For TTL interfacing at 5V operation, 
excellent system noise margin is preserved by using an 

Burn-in The CDP1822 and CDP1822C types are supplied in 22-lead 

- hermetic dual-in-line sidebrazed ceramic packages (D suf- 

bist } 85°C to-+126°C |coP1ez2c03 {= fix), in 22-lead dual-in-line plastic packages (E suffix). The 
*Respective specifications are included at the end of this datasheet. _CDP1822C is also available in chip form (H suffix). 


Separate Data Inputs and Outputs 


Pinout 


22 LEAD DIP | | OPERATIONAL MODES 
TOP VIEW 


a 
a 
ee 


Output High Impedance 
Disable 


Logic 1 = High, Logic 0=Low, X= Don't Care 


INPUTS 
CHIP CHIP OUTPUT READ/ | 
SELECT 1 | SELECT2 | DISABLE | WRITE 
RIW OUTPUT 
X 
x 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1074.1 
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Specifications CDP1822, CDP1822C 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 
(All Voltages Referenced to Vsg Terminal) 


COR TGR? asc ts coer re peewee Ree WAGe eS —0.5V to +11V 

CDOPTE22C revert erce a eeasiiy ed bop OeeG teak ek —0.5V to +7V 

Input Voltage Range, All Inputs ............. —0.5V to Von +0.5V 

DC Input Current, Any One Input.....................008. +10mA 
Power Dissipation Per Package (Pp) 

A = —40°C to +60°C (Package Type E).............. 500mW 

Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at 

12mWPC to 200mW 

Ts = -55°C to +100°C (Package Type D)............. 500mW 


Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mWPC to 200mW 


Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package lVD6S) sts cs hecnerteew ew eee we ee 100mW 
Operating Temperature Range (T,): 

Package Type D......... 0. cece eee eens —55°C to +125°C 

Package Typ@ E....... 0. ccc cece ce eee —40°C to +85°C 
Storage Temperature Range (Tig) ...--.------ —65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... 6... eect et eens +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CDP1822 
CHARACTERISTIC SYMBOL 


DC Operating Voltage Range 


LIMITS 


Input Voltage Range 


Static Electrical Characteristics At T, = -40°C to +85°C, Except as Noted: 


CONDITIONS 


SYMBOL 


CHARACTERISTIC 


Quiescent Device 
Current 

Output Low (Sink) 
Current 

Output High (Source) 

Current 

Output Voltage 

Low-Level 

Output Voltage 

High-Level 


sz 


0.5, 4.5 


Input Low Voltage 

Input High Voltage 

Input Leakage Current 

Operating Current 

(Note 2) 

3-State Output Leakage lout 
Current 

Input Capacitance | Cw | 
Output Capacitance 


NOTES: 
1. Typical values are for T, = +25°C and nominal Vpp. 
2. Outputs open circuited; Cycle time = ips 


oO 


~~ 
< 


© 
o 
~ 
out 
oo 
Nn 
i) 


a 


LIMITS 


CDP1822C | 


(Note 1) 


— 


Note 1) ‘ 
UNIT 


> 


> 
nn 


bh | 
= 
oO 
> = 
"3 


He 
H 
on 


ar 
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H# 
nn 
H- 
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CDP1822, CDP1822C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, 
Input ty,t¢ = 20 ns, Vipy = 0.7 Vop,. ViL = 0.3 Vpp, CL = 100 pF 


TEST CONDITIONS LIMITS 


Output Valid from 
Chip-Select 1 


Output Valid from 
Chip-Select 2 

Output Valid from 
Output Disable 
Output Hold from 
Chip-Select 1 : 
Output Hold from 
Chip-Select 2 

Output Hold from 
Output Disable 


tTime required by a limit device to allow for indicated function. 
“Typical values are for Ta = 25°C and nominal Vpp. 


RC 
CHIP SELECT | ' DOH 
CHIP SELECT 2 t DOH2 
is ie __ os 
READ/WRITE 
TAA 
DATA OUT caren cna 
HIGH ~ VALID HIGH 
IMP EDANCE IMPE DANCE 


Fig. 1 - Read cycle timing waveforms. 
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CDP1822, CDP1822C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, 
input t,,t¢ = 20 ns, Vipq = 0.7 Vpp, Vit = 0.3 Vpp, CL = 100 pF 


TEST CONDITIONS LIMITS 
CHARACTERISTIC i CDP1822 CDP1822C UNITS 
[Min.? [ Typ." | Max. | Min. | Typ.” | Max. 
Write Cycle Times (Fig. 2) 


: 5 500 
Write Cycle twe 10 300 Mite Pale 
5 200 200 
| ) 5 250 


Input Data 5 250 
Set-Up Time 10 150 


Data In Hold 


5 200 
Chip-Select 1 Set-U t 
| 5 200 
| 5 
| 5 200 200 


tTime required by a limit device to allow for indicated function. 
“Typical values are for Ta = 25°C and nominal Vopp. 


ns 


mo 
Oo 
x 


i 


AO-A7 


t bap — 
cis ' 
CHIP-SELECT | CSIH 


CHIP-SELECT 2 
'es2s 'cS2H 


OUTPUT DISABLE 


“Ips — Pe s_ 
BLE 


OATA IN ST, f 


OI!- 014 


READ/ WRITE 


* tops 'S REQUIRED FOR COMMON I/O 


OPERATION ONLY; FOR SEPARATE 1/0 
OPERATIONS, OUTPUT DISABLE !S DON'T CARE. 


Fig. 2 - Write cycle timing waveforms. 
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CDP1822, CDP1822C 


DATA RETENTION CHARACTERISTICS at Ta = -40 to +85°C, see Fig. 3 


TEST CONDITIONS 


LIMITS 


CHARACTERISTIC CDP1822 CDP1822C UNITS 
| | Min. | Typ." | Max. | Min. | Typ.* | Max. 


Min. Data Retention 
Voltage, hy Vor 
Data Retention Quiescent 
Current, 


Chip Deselect to Data ee Lede 
Recovery to Normal 600 Le | Lo 
Opertionting. te | | if ia et 
Fall Time tr, tr 


“Typical values are for Ta = 25°C and nominal Vpp. 


DATA RETENTION 
Vop 


a 
P=) 
5V 0.95V = 4 } 3 
0.95 Vpop DD a < 
= | <x 
.- 4 (=) 
Qa 
t | 
COR 'RC WRITE READ 
CS2 neencee 4 ADDRESS 
ViH Vi DECODER 
virr ‘ane 
+ 
Fig. 3 - LOW Vop data retention timing waveforms. [ 


Fig. 4 - Memory cell configuration. 
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CDP1822, CDP1822C 


SSS TT a ee es eee 7 
aco4 (5) (32) 
INPUT 
Al O= BUFFERS ati 
2 


ANO 
OECOO- 
ne ' ALL ROWS ERS 
A30O OESELECT 
ve FUNCTION 
| 
| 
% STORAGE 
9 
or! © "ARRAY 
o12 O! (4) 
O13 + I3 GATES 
ora OF le 1 
ANDO 
‘ i 


BIT (4) 


BIT (1) 
(8 
COLUMN 
DECOD- 


ERS 


DESELECT 
FUNCTION 


| OKs 
* | | 
<= AI9 
CsIO CONTRO 
ri7t | A 
cs20 | 
6 % 1g | 
O© 7} 
Yop Voo Voo 
* Vss Vss Vss 
s a 
INPUT PROTECTION oOuTPUT OVER VOLTAGE 
NETWORK PROTECTION PROTECTION 
CIRCUIT CIRCUIT 


Fig. 5 - Functional block diagram for CDOP1822 and CDP1822C. 


A 
CHIP-SELECT 


| 
| =; CONTROL 
CcS2 | 
17 - 


fe eee, eek ee west 
[  controe 8 | 
R/W | 
oi fy >—, 
= | (CHIP-SELECT & 
~2TIT TT T_T /R/W contror 
i CONTROL Cc 
| e 
OUTPUT | | c 
OUTPUT 
418 ie Fe I> ° DISABLE 
DISABLE | | TRO 
Wis acai aac ee aay acpi Sa ce Sa ue Yee yaa | 


Fig. 6 - Logic diagram of controls for CDP1822 and CDP1822C. 
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FARRIS 


SEMICONDUCTOR 


CDP1822C/3 


_ High-Reliability CMOS 
256-Word x 4-Bit LSI Static RAM 


tt 


February 1992 


Features 


For Applications in Aerospace, Military, and Critical 
Industrial Equipment 


Interfaces Directly with CDP1802 Microprocessor 
Very Low Operating Current 


Description 


The CDP1822C/3 is a 256 word by 4 bit random access 
memory designed for use in memory systems where high 
speed, low operating current, and simplicity in use are 
desirable. The CDP 1822 features high speed and excellent 
noise immunity. It has separate data inputs and outputs and 


- At Vop = 5v and Cycle Time = iys....... 4mA (Typ) utilizes a single power supply of 4 to 6.5 volts. 
° Static CMOS Silicon-On-Sapphire Circuitry Two Chip Select inputs simplify system expansion. An output 
- CD4000 Series Compatible Disable control provides Wire-OR-capability and is also 


e 


Industry Standard Pinout 
Two Chip Select Inputs - Simple Memory Expansion 


useful in common Input/Output systems. The Output Disable 
input allows this RAM to be used in common data Input/Out- 


put systems by forcing the output into a high impedance 


state during a write operation independent of the Chip Select 


¢ Memory Retention for Standby............. 2V (Min) input condition. The output assumes a high impedance state 
Battery Voltage when the Output Disable is at high level or when the chip is 
deselected by CS1 and/or CS2. 
¢ Single Power Supply Operation .......... 4V to 6.5V y 
The high noise immunity of the CMOS technology is 
* High Noise Immunity 30% of Vpp......--- 4V 10 6.5V preserved in this design. For TTL interfacing at 5V operation, 


Output Disable for Common V/O Systems 
3-State Data Output for Bus Oriented Systems 
Separate Data Inputs and Outputs 
Latch-Up-Free Transient Radiation Tolerance 


excellent system noise margin is preserved by using an 
external pull-up resistor at each input. 


The CDP1822C/3 is supplied in the 22 lead hermetic dual- 
in-line sidebrazed ceramic package (D Suffix) that meets the 
specifications. of MIL-M-38510 Case Outline D-7. 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


22 LEAD DIP 
TOP VIEW 


Read 


Standby 


Output 
Disable 


Logic 1 = High, Logic 0 =Low, X= Don’t Care 


_ CHIP. 
SELECT 1 
cS, 


OPERATIONAL MODES 
INPUTS 


CHIP OUTPUT — 
SELECT 2 ssi WRITE 


OUTPUT 


High Impedance 


High Impedance 
High Impedance 


High Impedance 
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File Number 2981 


Specifications CDP1822C/3 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Storage Temperature Range (Tsig) ...-.------- ~65°C to +150°C 
(All Voltages Referenced to Vsg Terminal) . Lead Temperature (During Soldering): 
COPIE22C/3 s os.0d Kote s eae ieee d peuwrtberte ss —0.5V to +7V At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
Input Voltage Range, All Inputs ............. —0.5V to Vop +0.5V from case for 10S MAX... 2... cece cee enn e eee eees +265°C 
Operating Temperature Range (Ta) ............ —55°C to +125°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 


Static Electrical Characteristics 


LIMITS 


TEMP. -55°C, 
+25°C TEMP. +125°C 


CONDITIONS 


A 
z 


CHARACTERISTIC 
Quiescent Device Current (Note 1) 
Output Low (Sink) Current (Note 1) 
Output High (Source) Current (Note 1) 
Output Voltage Low-Level 


SYMBOL (Vv) 


Ss 


= 
5S 


x 
9 


Output Voltage High-Level 


Input Low Voltage 

Input High Voltage 

Input Leakage Current (Note 1) 
Operating Current (Note 1) 
3-State Output Leakage Current 
Input Capacitance 

Output Capacitance 

NOTE: 

1. Limits designate 100% testing, all other limits are designer’s parameters under given test ocnditions and do not represent 100% testing. 


Ss < 
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CMOS MEMORY 


CDP1822C/3 


CHARACTERISTIC 


Read Cycle Dynamic Electrical Characteristics t, t, = 10ns, C, = 50pF 
SYMBOL 
Read Cycle (Note 1) 
Access from Address (Note 1) 
Output Valid from Chip Select 1 (Note 1) 


Output Valid from Chip Select 2 (Note 1) | toons | 


NOTE: 
1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 


» ta —_—_—$——» Vop 
a) =< 
-— 
4 READ 
cue \ a i ADDRESS | 5 
Gino Dees a : seal | 
CHIP ba iy ae 3 i { F 
SELECT 2 ae = | [ 


DISABLE | ae ADDRESS 
~ a DEroOes 
Bean — 


DATA OUT 
anant HIGH VALID HIGH 
IMPEDANCE IMPEDANCE 
Vop 
* Minimum timing for valid data output. Longer times will initiate an earlier but 
invalid output. . 
FIGURE 2. READ CYCLE WAVEFORMS AND TIMING DIAGRAM FIGURE 3. MEMORY CELL CONFIGURATION 
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CDP1822C/3 


Write Cycle Dynamic Electrical Characteristics ¢, t= 10ns, C, = 50pF , 


Voo 
CHARACTERISTIC SYMBOL (Vv) 


Write Cycle (Note 1) | two 
Address Setup (Note 1) 


Address Hold (Note 1) 


Write Pulse Width (Note 1) tw 


Thip Select 1 Setup 
a 


NOTE: 
1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 


CHIP-SELECT | 


'css2 'CS2H 


oon SE ee 


READ/ WRITE 


CMOS MEMORY 


fas 


"tops is required for common I/O operation only; for separate 1/O operations, output disable is don't care. 


FIGURE 4. WRITE CYCLE TIMING WAVEFORMS 
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-CDP1 822C/3 


TEST | 
| CONDITIONS LIMITS 
+25°C, -55°C —— #125°C 


| Minimum Data Retention Voltage Vor V 
(Note 1) 
Data Retention Quiescent Current 380 
(Note 1) 
ae ie = i _ = 


Recovery to Normal Operation Time ae eC a Be 


Data Retention Characteristics 


NOTE: 
1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 


DATA RE TENTION 
MODE 


0.95 Vop 0.95 Vop 


FIGURE 5. LOW Vop DATA RETENTION TIMING WAVEFORMS 


PACKAGE TEMPERATURE puRATION Yoo . 0 16 22 5.0 66 72 10.0 us 


125%C “t0hrs TVOLTS gy LL Vp 
" l 
ie 2 | o 
| | 


| 
| 
A2 | y 
Al | | | 00 
: | 
e AO ° 
AS 
AG 
AT 


0 @oerounrd wn — 


Vop 


R= 2kN+20% 


FIGURE 6. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM 
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om _ CDP1823 
SEMICONDUCTOR CDP1823C 


128-Word x 8-Bit 
March 1992 LSI Static RAM 
Features Description 
e Fast Access Time The CDP1823 and CDP1823C are 128-word by 8-bit CMOS 
Va a OV) co cicsocsdctecndcae naan oueeine ewe 450ns_ SOS static random-access memories. These memories are 
So Vin eV cccccatet ee eeeowe Sos ede 250ns compatibie with general-purpose microprocessors. The two 
memories are functionally identical. They differ in that the 
¢ Common Data Inputs and Outputs CDP1823 has a recommended operating voltage range of 4 
* Multiple Chip Select inputs to Simplify Memory volts to 10.5 volts, and the CDP1823C has a recommended 
System Expansion operating voltage range of 4 voits to 6.5 volts. 


The CDP1823 memory has 8 common data input and data 
output terminals for direct connection to a bidirectional data 
bus and is operated from a single voltage supply. Five chip- 


Ordering Information select inputs are provided to simplify memory-system expan- 
sion. In order to enable the CDP1823, the chip-select inputs 


CS2, CS3 and CS5 require a low input signal, and the chip- 
select inputs CS1 and CS4 require a high input signal. 


Plastic DIP -40°C to +85°C | CDP1823CE CDP1823E | The MRD signal enables all 8 output drivers when in the low 
Burn-in CDP1823CEX | CDP1823Ex | State and shouid be in a high state during a write cycle. 
Ceramic DIP |-40°C to +85°C | CDP1823CD CDP1823D After valid data appear at the output, the address inputs may 
be changed immediately. Output data will be valid until either 
Burn-in. CDP1823CDX fe the MRD signal goes high, the device is deselected, or ta, 
*883B 55°C to | CDP1823CD3 Le (access time) after address changes. 
0. 
| baa | The CDP1823 and CDP1823C types are supplied in 24-lead 
*Respective specifications are included at the end of this datasheet. dual-in-line ceramic packages (D suffix), and in 24-lead dual- 
in-line plastic packages (E suffix). 


Pinout 


24 LEAD DIP OPERATIONAL MODES 


TOP VIEW 
BUS TERMINAL 
FUNCTION MWR STATE 
Read X Storage State of 
Addressed Word 
Input High-Iimped- 
ance 
Stand-By 1 
(Active) 


Not Selected 


CMOS MEMORY 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 1 98.1 
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Specifications CDP1823, CDP1823C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Storage Temperature Range (Tsig).-.----- eee -~65°C to +150°C 
(All Voltages Referenced to Vss Terminal) Lead Temperature (During Soldering): 
GOPTG23 &.6.¢ avs dee dueraee acd Cen eee een ~—0.5V to +11V At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
CDP1823C........ eee Te reer -0.5V to +7V from case for 10S MAaX..... 6... cee eee eee eee +265°C 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V | 
DC Input Current, Any One Input............... 2c eee eens +10mA 
_ Operating Temperature Range (T,): 
Package Type D ........... cece eee eeees —55°C to +125°C 


Package Type E 1... cece ee ccc eee eceees —40°C to +85°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the sabeatl ranges: 


— LIMITS | 
ie 
CHARACTERISTIC a a a 
Supply Volage Range Ra RR! TS A SI! (A CT 
Recommended Input Voltage Range Vss Vop ee a ee fF UM 


Static pectical Characteristics At T, = -40°C to +85°C, Except as Noted: 


. CONDITIONS LIMITS 
CDP1823C 
Note 1) 
SYM BOL UNITS 


< 
° 
o 
= 
o 
8 


So 


CHARACTERISTIC ( 


Quiescent Device 


Output Low (Sink) 


5 
> 


Output High (Source) 


—_ 
© 


Zz 

os Io) 

ffs} fal : = 
wh 


OoO|1 O01] OO] O 
cf ceoytcedéic¢ 
sisacili asi a 
“Zi of}] oi o 
&/ 25/25] 2 
< 
o 
pole 
» 
a 
@ 


oo} 
< 


Low-Level 


High-Level = 


oO 


Input Low Voltage 
Input High Voltage 


Input Leakage Current 
Input 


Operating Current 
(Note 2) 


3-State Output Leakage lout 
Current 


Input Capacitance | Cn 
Output —— 


1. Typical values are for T, = +25°C and nominal Vop. 
2. Outputs open circuited; Cycle time = 1ps. 


: O 
a1 
> 
Sc 
c 
-~ 
< 
o 
-- 
> 
vo} 
® 


4 
m 
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CDP1823, CDP1823C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40to + 85°C, Vpp + 5%, 
tr,t¢ = 20 ns, Cy = 100 pF. 


VpbD LIMITS 
CHARACTERISTIC (v) CDP1823 CDP1823C_ _| UNITS 
| Min. t|Typ.*| Max. [Min.t|Typ.* | Max. 


Read Cycle (See Fig. 1) 
Access Time From Ss) 
fered ele FY ed 
Access Time From ) 
Chip Select, tDOA Fa et 


MRD to Output 5 
Active, tam 10 


“Typical values are at Ta = 25°C and nominal voltage. 
tTime required by a limit device to allow for the indicated function. 


| 
roost — fo 
| 
CSI ,CS4 \ 
t DOH 


PATA OUT ray THREBIN KGS wee 


NOTE : MWR IS HIGH DURING READ OPERATION. 
TIMING MEASUREMENT REFERENCE IS 0-5Vpp: 


Fig, 1 - Read cycle timing diagram. 
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CMOS MEMORY 


CDP1823, CDP1823C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40to + 85°C, Vpp + 5%, 
t,,t¢ = 20 ns, C_ = 100 pF. 


Limits 


Write Cycle (See Fig. 2) 


Write Recovery, tWR 


Write Pulse 
Width, twRW 


“Typical values are at Ta = 25°C and nominal voltage. 
tTime required by a limit device to allow for the indicated function. 


ADDRESS 
CSI ,CS4 . 
€S2 ,CS3 ,tS5 


BUS 0-7 


NOTE : MRD MUST BE HIGH DURING WRITE OPERATION 


Fig. 2 - Write cycle timing diagram. 
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CDP1823, CDP1823C 


DATA RETENTION CHARACTERISTICS at T, = —40 to +85°C; see Fig. 3 


LIMITS 
CDP1823 CDP1823C UNITS 


in. | Typ." 


Current, ait sh 
Chip Deselect to a 600 
Retention Time, tcor ks 10 fon al 
Recovery to Normal 
lesen hehe Doak a 
Voo to Vor Rise and 
Fall Time uw ~ 


t,t 
“Typical values are for Ta = 25°C and nominal Vop. 


6 < 

Oo Tc 

* 

pai a : 
& 

a! 


DATA RETENTION 
Voo 


0.95 Vop 0.95 Vop 


aus 


Vie 


Fig. 3 - Low Vop data retention timing waveforms. 


BUFFER 


ANO 
DECODER 


Functional Diagram 


Fig. 4 - Functional diagram. 
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CDP1823, CDP1823C 


CPU/ ROM SYSTEM | RAM INTERFACE RAM SYSTEM 
| 


ADDRESS 


ome | om eee emoue 


MAO ~MA6 


BUSO- BUS7 ~ BUS7 


CPU ROM | ! RAM. 


COPI802 COPI833 | CDPI823 


Fig. 5 - CDP1823 (128 x 8) minimum system (128 x 8) 
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aw MARRS CDP1823C/3 


February 1992 


Features 


High-Reliability CMOS 
128-Word x 8-Bit Static RAM 


Description 


¢ For Applications in Aerospace, Military, and Critical The CDP1823C/3 is a 128 word x 8 bit CMOS/SOS static 


Industrial Equipment 


Maximum Speed 


e Fast Access Time 


Compatible with CDP1800-Series Microprocessors at 


random access memory. It is compatible with the CDP 1802, 
CDP1804, CDP1805, and CDP1806 microprocessors, and 
will interface directly without additional components. The 
CDP1823C has a recommended operating voltage range of 


Interfaces with CDP1800-Series Microprocessors 4 to 6.5 volts. 
without Additional Components 


The CDP1823C memory has 8 common data input and data 
output terminals for direct connection to a bidirectional data 


© At Von = SV, 425°C 0... ccc cece cence ee eee 275ng__—bus and is operated from a single voltage supply. Five chip 
select inputs are provided to simplify memory system 

¢ Single Voltage Supply expansion. In order to enable the CDP1823C, the chip select 
¢ Common Data Inputs and Outputs inputs CS2, CS3, and CS5 require a low input signal, and 


System Expansion 


¢ High Noise Immunity..... 


to 2V at 25°C 


¢ Latch-Up-Free Transient Radiation Tolerance 


Pinout 
24 LEAD DIP 
TOP VIEW 


BUS 0 | 1| 
BUS 1 [2| 
BUS 2 [3 | 
Bus 3 [4 
Bus 4 [5| 
Bus 5 [6| 
BUS 6 
BUS 7 [8 | 
csi [9] 
CS2 10) 
Cs3 [11 
Vss 12 


the chip select inputs CS1 and CS4 require a high input 


Multiple Chip Select Inputs to Simplify Memory © signal. 


The MRD signal enables all 8 output drivers when in the low 


euieSawiwaeees 30% of VDD state and should be in a high state during a write cycle. 
Memory Retention for Standby Battery Voltage Down After valid data appear at the output, the address inputs may 


be changed immediately. Output data will be valid until either 
the MRD signal goes high, the device is deselected, or tan 
(access time) after address changes. 


The CDP1823C/3 is supplied in hermetic 24 lead dual-in-line 
sidebrazed ceramic packages (D suffix) that meet the 
specifications of Mil-M-38510 Case Outline D3. 


Operational Modes 


BUS TERMINAL 
FUNCTION STATE. 
Read Xx Storage State of 

Addressed Word 
Write Input High 

oy 


Standby Re RETR ES ER | 0 | High impedance | impedance 


Not xX xX High Impedance 
Selected xX X 

X xX 

Xx Xx 

X X 


Logic 1 = High, LogicO=Low, X = Don't Care 


x KK OX 
x «KK 
x Ks XK 
xO KK 
~ KKK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2982 


Copyright © Harris Corporation 1992 
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CMOS MEMORY 


Specifications CDP1823C/3 


“Absolute Maximum Ratings 


DC Supply Voitage Range, (Vpp): Operating Temperature Range (T,)............ —55°C to +125°C 
_ (All Voltages Referenced to Vgg Terminal) Storage Temperature Range (Tyg) .....---- +. ~65°C to +150°C 
COP1S29C/8 ieee ye sieht dw eeae en ee eNews -0.5V to+7V Lead Temperature (During Soldering): : 
Input Voltage Range, All inputs ............. —0.5V to Vop +0.5V At distance 1/16 +1/32 In. (1.59 t 0.79mm) 
DC Input Current, Any Onelnput.................005- ....t10MA from case for 10S Max... .... cee cece eee eee eee +265°C 


Recommended Operating Conditions tT, = Full Package Temperature Range.For maximum reliability, operating conditions 
shouid be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC _ UNITS 


Supply Voltage Range 


V 
V 


Recommended Input Voltage Range 


Static Electrical Characteristics Vp) =5V+5% — | 


a | 
= _|om [3 [3 |g peter 
CHARACTERISTIC SYMBOL (V) (vy) { MIN | MAX | MIN | MAX | UNITS 
[Guiescent Device Curent Note) | oo | - | o8 | 8 | - | 270 | - | too | na 
fOuputtow (Sind Current (Note) | lo | o4 | os | 5 | a7 | - | 15 | - | ma | 
[Output High Source) Current (Note | tow [| 46 [05 | 5 | - | 19 | - | o7 [ ma_ 
[Ouputvotagetowteve «| vo [| - [os | s | - | orf - | or | v_ 
i ad a 
input Low Vonage Mf sas | Ts Tf 08V0of = 1038 Voo] 
Mw 05.45 | - |S§ PO7Vo0l = 4 O7Vool = |v 
input Leakage Current (Note 1) |] ww of os | os Te eto 
[Operating Currerd (Note t) oor] Ts to 
[3-State Output Leakage Current | lovr_ | 8 | os | os ff 26 Peto | A 
om | -|-|-|- [7] - || 
[OuputCapactancs ———=«|_om_ | - | -|-|- || - | | © 
NOTE: 


1. Limits designate 100% testing, all other limits are designer's parameters under given test conditions and do not represent 100% testing. 
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CDP1823C/3 


Read Cycle Dynamic Electrical Characteristics t, t, = 10ns, C, = 50pF 


CHARACTERISTIC 


Data Hold Time After Read 


NOTE: 
1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 


ADDRESS 


=» Wh”. IEE 
nme mn 
es ee 


HIGH IMPEDANCE 


CMOS MEMORY 


*Minimum timing for valid data output. Longer times will initiate an earlier but invalid output — 


NOTE: MWR is high during read opration. Timing measurement reference is 0.5Vpp. 


FIGURE 1. READ CYCLE TIMING DIAGRAM 
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CDP1823C/3 


Write Cycle Dynamic Electrical Characteristics t, t,= 10ns, C, = 50pF 


"25°C, -55°C +125°C 


Chip Select Setup 


NOTE: 


1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 
2. Minimum timing to allow the indicated function to occur. 


oi a 
— i Tn 
wor TN 


NOTE: MRD must be high during write operation 


FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 
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CDP1823C/3 


TEST 
CONDITIONS LIMITS 
+25°C, -55°C +125°C 


Data Retention Characteristics 
CHARACTERISTIC 


(Note 1) 
[oanrein Girt | 


NOTE: 
1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing 


PACKAGE TEMPERATURE TIME Vopp 
D 125°C 160 hrs TV 


DATA RETENTION 
MODE 


VoD 
AO 
Al 


0.95 Voo 0.95 Voo AIS 


A2 
A3 


A4 


Al4 


AS 
A6 
Ol 
AT 
A8& 
AS 


Al3 


FIGURE 3. LOW Vpp DATA RETENTION WAVEFORMS 


Al-All ARE DIVISION BY 2 BASED ON AO. 


FIGURE 4. DYNAMIC/OPERATING BURN-IN CIRCUIT AND 
TIMING DIAGRAM 
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CMOS MEMORY 


mn Ris CDP1824 
SEMICONDUCTOR - CDP1824C 


32-Word x 8-Bit 
February 1992 — Static RAM 
Features 7 Description 
¢ Fast Access Time The CDP 1824 and CDP1824C are 32-word x 8-bit fully static 
a Vawie SV cxuscce tine esau cenencuntatedee 710ns CMOS random-access memories for use in CDP-1800 
s Vin WIOW ci cdiwinnawenacaeeny ens estate 320ns series microprocessor systems. These parts are compatible 
with the CDP 1802 microprocessor and will interface directly 
¢ No Precharge or Clock Required without additional components. | 


The CDP 1824 is fully decoded and does not require a pre- 
charge or clocking signal for proper operation. It has 
common input and output and is operated from a single 
Ordering Information voltage supply. The MRD signal (output disable control) 
enables the three-state output drivers, and overrides the 
MWR signal. A CS input is provided for memory expansion. 


The CDP1824C is functionally identical to the CDP1824. 
The CDP1824 has an operating range of 4 volts to 10.5 
volts, and the CDP1824C has an operating voltage range of 
4 volts to 6.5 volts. The CDP 1824 and CDP1824C are 
supplied in 18 lead hermetic dual-in-line ceramic packages 
(D suffix), and in 18 lead dual-in-line plastic packages (E 
suffix). 


Plastic DIP | -40°C to +85°C 
Ceramic DIP =} -40°C to +85°C 
erreaccox | 


-55°C to CDP1824CD3 =| CDP1824D3 
+125°C 


“Respective specifications are included at the end of this datasheet. 


Burn-In 
*883B 


Pinout 


18 LEAD DIP OPERATIONAL MODES 
TOP VIEW 


FUNCTION | CS | MRD } MWA DATA PINS STATUS 
Read =f Of TX Output: High/Low Dependent on Data 


MA4 11 18} Vpp 
was wan | [wire | 0 | + | 0 | put OuputDeabied 


Not Selected fe he | ee Output Disabled: High Impedance State 


MA2 [3] 16] MRD 


ic ne 
Mao [5| 14} BUS 0 Logic 1 = High, Logic 0 = Low, X =Don'tCare 

BUS 7 [6] 13] BUS 1 

BUS 6 12] BUS 2 

BUS 5 [| 8) 11) BUS 3 


Vss [9] BUS 4 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1103.1 
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Specifications CDP1824, CDP1824C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): . Storage Temperature Range (T,,) ............ —65°C to +150°C 
(All Voltages Referenced to Vsgs Terminal) Lead Temperature (During Soldering): 
CDOPIO246 io ricnccuar aie iusaceteedete nanos ~0.5V to +11V At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
COP 1824C. 243 civics canbeatecaeew shauakwns -0.5V to +7V from case for 10s max............. inde teeeeaaes +265°C 
input Voltage Range, Allinputs ............. —0.5V to Vop +0.5V 
DC Input Current, Any One Input................. cece ee ee +10mA 
Operating Temperature Range (T,): 
Package Type D ..... 2... cee eee eee eee eee ~55°C to +125°C 
Package Type E ...... ccc ccc cece cece es —40°C to +85°C 


Recommended Operating Conditions At, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CONDITION LIMITS 
CHARACTERISTIC 


Supply Voltage Range 


Recommended Input Voltage Range 


Input Signal Rise or Fall Time (Note 1) 
tr ty 


NOTE: 
1. Input signal rise or fall times longer than these maxima can cause loss of stored data in either the selected or deselected mode. 


Static Electrical Characteristics At, = -40°C to +85°C, Except as Noted: 


LIMITS 


COPTER 


Note 1) (Note 1) 
TYP TYP 


2 
° 
z 
9 
| 
fe) 
= 
w 


=19 
] 
a) 
ona 
NS 
& 


Vo 
CHARACTERISTIC | SYMBOL (V) 


Quiescent Device 
Current 

Output Low (Sink) 
Current 

Output High (Source) 
Current 

Output Voltage 
Low-Level 

Output Voltage 
High-Level 

Input Low Voltage 
Input High Voltage 
Input Leakage Current 
Operating Current 
(Note 2) 

3-State Output Leakage lout 
Current 


Input Capacitance 
Output Capacitance 


NOTES: 
1. Typical values are for T, = +25°C and nominal Vop. 
2. Outputs open circuited; Cycle time = tps. 


UNITS 


V, 
V, 


CMOS MEMORY 


Oo 
a 
> 
on 


© 
# 


« 
ooh, 


> 
cs 

c 

- 


o 


H H 
X) — 


+ 
Le 


lo. 
OL 
OH 
Vit 
Vin 
IN 


7.5 


SPP PPPPP ESSERE 
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CDP1824, CDP1824C | 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C, Vp +5%, 
Input t,, ts = 10 ns, C; = 50 pF, Ry, = 200 k{2; See Fig. 1. 


Test [ 
CONDITIONS 


Vpp 
(V) 


CHARACTERISTIC 


Read Operation 


Access Time From 
Address Change, tan 


JOutput Active From 
MRD, tam 


LIMITS | 


CDP1824CD 
CDP1824CE 


CDP1824D 
CDP1824E 


= Time required by a limit device to allow for the indicated function. 
© Time required by a typical device to allow for the indicated function. Typical values are for 


TaA= 25°C and nominal Vop. 


-#—— ta" 


- DATA OUT 


| e+ ooa~| 


HIGH IMPEDANCE ~ 


4 MINIMUM TIMING FOR 
VALID DATA OUTPUT 
LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT. 


READ OPERATION TIMING DIAGRAM 


Fig. 1 - Read cycle timing diagram. 


Note: | ; ; 

The dynamic characteristics and timing dia- 
grams indicate maximum performance capa- 
bility of the CDP1824. When used directly 


with the CDP1802 microprocessor, timing 


will be determined by the clock frequency 
and internal delays of the microprocessor. 


The following general timing relationships 
will hold when the CDP1824 is used with the 
CDP 1802 microprocessor: 

tww = 2 te 

tAH - 1.0 te. 


tas = 4.5 t, 
tpH = 1.0t, Data transfers from 
tps = 5.5t, CDP1802 to memory 


MRD occurs one clock period (t.) earlier 
than the address bits MAQ-MA7. 
1 


CDP 1802 clock frequency — 


The CDP1824 is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 


where t= 
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CDP1824, CDP1824C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C, Vpp +5%, 
Input t,, te = 10 ns, C; = 50 pF, Ry = 200 k{QQ; See Fig. 2. 


LIMITS 


TEST 
CHARACTERISTIC =| Gonpi tions CDP1824D CDP1824CD 
CDP1824E CDP1824CE 
@ 


W)_[win#| typ | max win#] Typ) 


Write Operation 


Data Setup 
Time, tos 


Data Hold 5 70 
Time, toH 10 35 


425 


= Time required by a limit device to allow for the indicated function. 
@ Time required by a typical device to allow for the indicated function. Typical values are for 


EAS 25°C and nominal Vop. 


MA 


WRITE OPERATION TIMING DIAGRAM 


Fig. 2 - Write cycle timing diagram. 


CMOS MEMORY 


DATA RETENTION 
MODE 


0.95 Vop 0.95 Vpop 


Voo 


* te »tf>lws 


Fig. 3 - Low Vop data retention waveforms and timing diagram. 
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Vpp7!8 
Vgg*9 


CDP1824, CDP1824C 


DATA RETENTION CHARACTERISTICS at T, = —40 to +85°C; See Fig. 3. 


CHARACTERISTIC 


Data Retention Quiescent 
Current, lop 


Chip Deselect to Data V =25V 600 
Retention Time, tcprR DR= : 300 
Recovery to Normal 7 600 


CPU/ ROM SYSTEM RAM SYSTEM 


ADDRESS 


MAO - MAG 


BUSO- BUS7 
BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 3 2 +! =O 


FUNCTIONAL DIAGRAM 


Fig. 4 - Functional diagram. 
CPU ROM — 
CDP1802 COP1833 CDI824 


Fig. 5 - CDP1824 (128 x 8) minimum system (128 x 8) 
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" — CDP1824/3 
SEMICONDUCTOR CDP1824C/3 


High-Reliability CMOS 32-Word x 8 Bit 


February 1992 Static Random-Access Memory 
Features Description 
e Access Time: The CDP 1824/3 and CDP 1824C/3 types are high-reliability CMOS 32-word x 8 bit 
GIONS... cece eens @ Vop = 5V fully static random-access memories for use in CDP 1800-series microprocessor 
S20NG ssc s Jase cevs @Vpop = 10V systems. These parts are compatible with the CDP 1802 microprocessor and will 


¢ No Precharge or Clock Required interface directly without additional components. 


The CDP 1824/3 is fully decoded and does not require a precharge or clocking 
signal for proper operation. It has common input and output and is operated from 
a single voltage supply. The MRD signal (output disable control) enables the 
three-state output drivers, and overrides the MWR signal. A CS input is provided 
for memory expansion. 


The CDP1824C/3 is functionally identical to the CDP 1 824/3. The CDP1824/3 has 
a recommended operating voltage range of 4 to 10.5 volts, and the CDP 1824C/3 
has an operating voltage range of 4 to 6.5 volts. 


The CDP1824/3 and CDP1824C/3 are supplied in 18-lead, dual-in-line 
sidebrazed ceramic packages (D suffix) that conform to the requirements and 
dimensions specified in MIL-M-38510 Case Outline D-6. 


Pinout Funtional Diagram 
18 LEAD DIP 
TOP VIEW eae 
MA3 
MA4 | 1) 18} Vop 
Wwa MA2 
a aii see ADDRESS 
MA2 [3 | 16} MRD : DECODER 
ae MA 
MA1 14 15] CS 
MAO {5| 4] BUSO 
> 
Bus7 [6] 13] BUSI ra 
oO 
BUS6 12] BUS2 = 
Buss [8] 11] BUS3 = 
Vss L9. Hol BUS4 2 
MWR MRD = 
" Oo 


I/O BUFFERS 


es ae 


6? 7 12% 13% 14 
BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 Ss 2 t 0 
OPERATIONAL MODES 


DATA PINS STATUS 


Output: High/Low Dependent on Data 


Input: Output Disabled 


Output Disabled: High-impedance State 
Output Disabled: High-impedance State 


Logic 1= High LogicO=Low X= Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 71 7.1 
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_. Specifications CDP 1824/3, CDP1824C/3 


Absolute Maximum Ratings - 


"pe Supply Voltage Range, (Vop) 
(All Voltages Referenced to Veg Terminal) 


Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


COP 1624/3 ico scewecwie eee viens ecWaie ben « ....-0.5V to +11V (All Package Typ@S).......... cc cece cece cere ee eee 100mW 

CDP 1BAAGI3 i526 568i ea ORGS MERE .. -0.5 to+7V Operating Temperature Range (T,) a 
Input Voltage Range, All Inputs ............. —0.5V to Vop +0.5V Package Type D........ cece cece ee eee eee —55°C to +125°C 
DC Input Current, Any One Input..................0 2c eee +10mA Storage Temperature Range (Typ) ........---- ~65°C to +150°C 
Power Dissipation Per Package (Pp) Lead Temperature (During Soldering): 

Ty 66°C 10-4100: ica dinedeace ar eusay eae 500mWw At distance 1/16 +1/32 In. (1.59 + 0.79mm) 

Ta = +100°C to +125°C. 0. eee eee eae Derate Linearly at from case for 10S MAX... 6... cece eee ee eee +265°C 


12mWFC to 200mW. 


Recommended Operating Conditions _T, = Full Package-Temperature Range. For maximum reliability, nominal operating con- 
ditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 


LIMITS 
CDP 1824/3 


Input Voltage Range . 


Static Electrical Characteristics - 


NOTES: | | | 
1. The CDP 1824C/3 meets all 5 volt Static Electrical Characteristics 


| 
CHARACTERISTIC symBo. | (Vv) (v) (v) | MIN- | MAX | | MIN | MAX — 
Flaca gi NER A RCI vara 
| - [om | wo | - | so | - | 100 | mw | 
Output oo Low-Level Voi Le bf S| a ee ee 0.2 | cl 
elite FP - | {| © | - | om] - | o | v | 
Note 2 3 
aa ee ee ee ee eee ee 
| fF 49 f - [ to Jo7 | a ae a a 
| os {| o10 | 1 | 4 | - f 29 | - | m | 
ee ee ee 
| 95 | oro | © | - | 2 | - {| +5 | m_ 
sali Mage fy oe Sem cs os ae 
npu 
m [ot [ to — - | 1 f - [| 5 | wv _ 
ll Bl So I i CI EI ISEB 
Current 
i ___{ a0 | ot | | - | 2 | - | 5 | wT 
[reuensctrce | tw | we st | wo | | 0 | 
[ovpucapatarce | Co [wom 4p ps | | | 


. 2. Guaranteed, but not tested. 


of the CDP 1824/3 except Quiescent Device Current for which 
the limits are Ipp = 200pA at +25°C/-55°C; Inp = 1000pA at 
+125°C. : 
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Specifications CDP1824/3, CDP1824C/3 


Read Cycle Dynamic Electrical Characteristics input t, t.< 15ns, C, = 50pF 


TEST 
CONDITIONS 
CHARACTERISTIC SYMBOL 


Access Time From Address Change 


Output Active From MRD 


Access Time From Chip Select id 


MRO 
/-—— taa 
MA Se, 
cs 


yee “MINIMUM TIMING FOR 
DOA VALID DATA OUTPUT 
DATA QUT ——— i SCLONNGER TIMES WILL 
HIGH IMPEDANCE INITIATE AN EARLIER, 
a BUT INVALID OUTPUT 


READ CYCLE TIMING DIAGRAM 


> 
oc 
oO 
= 
uu 
= 
” 
O 
= 
O 
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Specifications CDP1824/3, CDP1824C/3 


Write Cycle Dynamic Electrical Characteristics input t,, t < 15ns, C, = 50pF 


TEST 
CONDITIONS 
CHARACTERISTIC SYMBOL 
twaw 


Write Pulse Width 


Data Setup Time 


Data Hold Time Pe 


Chip Select Setup Time 


4/3/35 Ri STs 
of} of o oO;uat 2 


Address Setup Time 


> 
“ 
nn 


NOTE: 1. Time required by a device to allow for the indicated function. 


MA 
eo tne eee 
cs 
tcs —__-] 
Sako 'wRw <= 
MWR 
tos ‘OH 
BUS 
WRITE CYCLE TIMING DIAGRAM 
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Specifications CDP1824/3, CDP1824C/3 


Data Retention Characteristics At T, = +25°C 


TEST 
CONDITIONS 


Vor 


Recovery to Normal Operation Time 


(V) 
Ease 
aes 
teed 
a ee 
Las 


DATA RETENTION 


MODE 
VOR 
‘cor na *% tr K—-- > tre 
— VI V 
CS 1H 
Vit V 
bar P itfrlus 


LOW Vpp DATA RETENTION WAVEFORMS AND TIMING DIAGRAM 


Static Burn-in Circuit 


CDP1824 
CDP1824C 


TEMPERATURE TIME 
+125°C 160 Hrs., Min. 


Vope 2 Vop 


CMOS MEMORY 


All Resistors 47kQ (20%) 
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FARRIS 


SEMICONDUCTOR 


CDP1826C 


CMOS 64-Word x 8-Bit 
Static RAM 


a 


February 1992 
Features Description 
e ideal for Small, Low-Power RAM _ The CDP1826C is a general purpose, fully static, 64-word x 8-bit random-access mem- 


Memory Requirements in Micropro- 
cessor and Microcomputer Applica- 
tions 


e Interfaces with CDP1800-Series 
Microprocessors Without Additional 
Address Decoding 


e Daisy Chain Feature to Further 
Reduce External Decoding Needs 


¢ Multiple Chip-Select Inputs for Versa- 
tility 


e Single Voltage Supply 
¢ No Clock or Precharge Required 


Ordering information 


TEMP. 
RANGE | ORDER CODE 
Plastic DIP -40°C to |CDP1826CE 


ce) 
Ceramicbip. | °° ——— 


ory, for use in CDP1800-series or other microprocessor systems where minimum compo- 
nent count and/or price performance and simplicity in use are desirable. 


The CDP1826C has 8 common data input and data-output terminals with 3-state capa- 
bility for direct connection to a standard bidirectional data bus. Two chip-select inputs - 
CS1 and CS2 - are provided to simplify memory-system expansion. An additional select 
pin, CS/A5, is provided to enable the. CDP1826C to be selected directly from the 
CDP1800 multiplexed address bus without additional latching or decoding. In an 1800 
system, the CS/A5 pin can be tied to any MA address line from the CDP 1800 processor. 
A TPA input is provided to latch the high-order bit of this address line as a chip-select for 
the CDP1826C. If this CS/AS5 input is latched high, and if CS = 1 and CS2 = 0 at the 
appropriate time in the memory cycle, the CDP1826C will be enabled for writing or read- 
ing. In a non-1800 system, the TPA pin can be tied high, and the CS/A5 pin can be used 
as a normal address input. 


The six input-address buffers are gated with the chip-select function to reduce standby 
current when the device is deselected, as wel! as to provide for a simplified power down 
mode by reducing address buffer sensitivity to long fall times from address drivers which 
are being powered down. 


Two memory control signals, MRD and MWR, are provided for reading from the writing to 
the CDP1826C. The logic is designed so that MWR overrides MRD, allowing the chip to 
be controlled from a single RW. 


A CHIP ENABLE OUTPUT is provided for daisy-chaining to additional memories or I/O 
devices. This output is high whenever the chip-select function selects the CDP 1826C, 
which deselects any other chip which has its CS input connected to the CDP 1826C CEO 
output. The connected chip is selected when the CDP 1826C is de-selected and the MRD 
input is low. Thus, the CEO is only active for a read cycle and can be set up so that a 
CEO of another device can feed the MRD of the CDP1826C, which in turn selects a third 
chip in the daisy chain. 


The CDP1826C has a recommended operating voltage of 4.5V to 5.5V and is supplied in 
22 lead hermetic dual-in-line sidebrazed ceramic packages (D suffix), in 22 lead dual-in- 
line plastic packages (E suffix). The CDP 1826C is also available in chip form (H suffix). 


Pinout 
22 LEAD DIP 
TOP VIEW 


CLEAR WAIT 
Giee 
[_NO-N2 MRD _ > 
1/0 CONTROL » 


8-BIT BIDIRECTIONAL DATA BUS 


Fig. 1 - Typical CDP1802 microprocessor system 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 1 311 1 
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Specifications CDP1826C 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 
(All Voltages Referenced to Vss Terminal) 


CDOP1826C 5 23 fis blo co ugar eaneaaaees -0.5V to +7V 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V 
DC Input Current, Any One Input.....................0005 +10mA 
Power Dissipation Per Package (Pp) 

Ts, = 40°C to +60°C (Package Type E).............. 500mW 
Ty = +60°C to +85°C (Package Type E)...... Derate Linearly at 

12mWPC to 200mWw 
Ta = ~55°C to +100°C (Package Type D)............. 500mW 

T, = +100°C to +125°C (Package Type D).... Derate Linearly at 

12mWPC to 200mW 


Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package Types)... .... 0.2... eee cece ee eens 100mW 
Operating Temperature Range (T,): 

Package Type D.......... cece cece eee —55°C to +125°C 

Package Type EE... .. cece cece ee ee eee —40°C to +85°C 
Storage Temperature Range (Tgig) .......----- —~65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S Max... . 0... cee cee cece eee eee +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


DC Operating Voltage Range 


Input Voltage Range 


Input Signal Rise or Fall Time, Vpp = 5V 


CHARACTERISTIC symeo.__ [IN [WAX _ 


CDP1826C 


CONDITIONS LIMITS 


Output Low (Sink) Current 


Output High (Source) Current 


Output Voltage Low-Level 


Output Voltage High-Level 
Input Low Voltage 


input High Voltage 
Input Leakage Current 


1. Typical values are for Ty = +25°C and nominal Vpp. 


od 
fee | 
| 08 
| Yop -04 | 0Voo | -1.0 
Ee 
bese 


CDP1826C 


(Note 1) 
TYP 


H+ 
~ 


1.5 
+1 


been 
| 32 
6 
Ls 
ee 
Loe 
ae 
a 
a 
eae 
| 19 


N 
oO 


2. Outputs open circuited; Cycle time = 1s. 


Signal Descriptions 

AO - A4, CS/A5 (Address Inputs): These inputs must be stable 
prior to a write operation, but may change asynchronously during 
Read operations. 


In an 1800 system, the multiplexed high-order address bit at pin CS/ 
A5 can be latched at the end of TPA. A high level will provide a valid 
chip select for the CDP1826C. The low-order address bit which 
appears after TPA is used for data word selection. In non-1800 sys- 
tems, TPA can be tied high to disable the latch and allow the CS/A5 
pin to function as a normal address input. 


BUS 0 - BUS 7: 8-bit 3-state common input/output data bus. 


TPA: High-order address strobe input. The high-order address bit at 
input CS/AS is latched on the high-to-low transition of the TPA input. 


Tie TPA high to disable the CS/A5 latch feature. 

CS1, CS2 (Chip Selector): Either chip select (CS1 or CS2), when 
not valid, powers down the chip, disables READ and WRITE func- 
tions, and gates off the address and output buffers. 

MRD, MWR: Read and Write control signals. MWR overrides MRD, 
allowing the CDP1826C to be controlled from a single R/W line. 
CEO (Chip Enable Output): Allows daisy chaining to additional 
memories. CEO is high whenever the CDP1826C is selected. CEO 
is only active (low) for a Read cycle with the CDP1826C deselected 
and the MRD input low. 


Vop, Vss: Power supply connections. 
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CMOS MEMORY 


CDP1826C 
me , BUS O 
4 > BUS! 
fal | INPUT /OUTPUT BUS 2 
64x8 DATA > BUS 3 
ae MATRIX BUFFE > Buss 
a CONTROL ae 
| BUS 6 
BUS 7 


MRO ee CEO 


“AO 
Al 
A2 
A3 
A4 

CS/A5 


DECODE 


TPA 


Fig. 2 - Functional diagram. 


156 coo LILI LLU LULL LLL LL LLL Lk 


AS 

’ i 
TPA : ‘ 

! 

MRD 

' t 
CEO ' 

’ i 

' | i 
BUS | VALID DATA VALID DATA 

I ' ( 

| y | 

RAM CYCLE (RAM SELECTED) ROM CYCLE (RAM DESELECTED) 


cSilzi, CS2=0 


OPERATING MODES 


[Function [NRO | MWR [csi-ts2] TPA [ese] ceO_ 
WRITE Su 
READ SU 


DESELECT 
DESELECT 
DESELECT 
DESELECT 
DESELECT 
WRITE 


READ 
DESELECT 


DESELECT 
OESELECT 


cDPiI8s00 MODE 


MODE 


NON -—CDPI800 


# FOR CDPI800 MODE, REFERS TO HIGH ORDER MEMORY 
ADDRESS BIT LEVEL AT TIME WHEN TPA } TRANSITION 
TAKES PLACE 


Fig. 3 - Chip Enable Output timing waveforms for CDP1800-based systems. 


6-44 


CDP1826C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to + 85°C, Vop = 5 V+5%, 
Input t,t: = 10 ns; CL = 50 pF and 1 TTL Load 


LIMITS 
CHARACTERISTIC CDP1826C 


Read — Cycle Times (Figs. 4 and 5) 


Address to TPA Hold 


Access from 
Address Change 


Output Valid from 
MRD 

Access from 
Chip Select 

CEO Delay from 
TPA “Edge 


MRD to CEO Delay 


~“ 
on 


Output High Z from 
Invalid MRD 
Output High Z2 from 
Chip Deselect 


tTime required by a limit device to allow for the indicated function. 
eTypical values are for T, = 25°C and nominal Vpp. 


LOW ORDER ADDRESS BYTE 


CMOS MEMORY 


t PAW 


WR LLL LLL CLLL2 


/ 


UMUC, 


tsHz 


ae HIGH IMPEDANCE VALID DATA 


tam 


Fig. 4 - Timing waveforms for Read-cycle 1. 
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CDP1826C 


AO-AS5 Vp, LOW ORDER ADDRESS BYTE 


TAA 


tRHZ 


iM OL, Ge Ze 


—<—— t sH7 


HIGH IMPEDANCE 
BUS VALID DATA 


TAM 


Fig. 5 - Timing waveforms for Read-cycle 2 [TPA-High]. 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = -40 to + 85°C, Voo = 5 V+5%,. 
Input t,t = 10 ns; CL. = 50 pF and 1 TTL Load 


LIMITS 


CHARACTERISTIC 


Write-Cycle Times (Figs. 6 and 7) 
Address to TPA Setup, 

High Byte 
Address to TPA Hold 


Address Setup 
Low eye 


Data Setup 


Data Hold from 
End of MWR 

Data Hold from 
End of Chip Select 


tTime required by a limit device to allow for the indicated function. 
eTypical values are for Ta = 25°C and nominal Vpp. 
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CDP1826C 


AO-AS 


LOW ORDER ADDRESS BYTE 


Ye Ci CLL 


Fig. 6 - Timing waveforms for Write-cycle 1. 


= HIGH ORDER 
AO-AS jy ADDRESS BYTE LOW ORDER ADDRESS BYTE GOH: 


tes— 


tos 'pHI +t DH2 


Fig. 7 - Timing waveforms for Write-cycle 2 [TPA=High]. 
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2) 
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CDP1826C 


DATA RETENTION CHARACTERISTICS at Ts = -40 to + 85°C; see Fig. 8 


LIMITS 


CHARACTERISTIC |. = CDP1826C0—— CO 826C UNITS 


estate fol 
‘| Min. Data Retention 
kao oe 
peer ee 
Current ; 
Chip oe to Data 
Recovery to Normal 
Spraton Tine te | 
Vop to Vor Rise and 
“atm tw | 


eTypical values are for Ta = 25°C and nominal Vpp. 


DATA RETENTION 
Yoo 


0.95 Vpp 0.95 Vpp 


tcor tre 
csi 
Vik VIH 
Vit Vi 


Fig. 8 - LOW Vopp Gata retention timing waveforms. 
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om - MWS5101 
FARRIS MWS5101A 


256-Word x 4-Bit 
February 1992 LSI Static RAM 
Features Description 
¢ Industry Standard Pinout The MWS5101 and MWS5101A are 256 word by 4 bit static 


random access memories designed for use in memory 
systems where high speed, very low operating current, and 
simplicity in use are desirable. They have separate data 


Very Low Operating Current.................:. 8mA 
at Vpp = 5V and Cycle Time = ips 


¢ Two Chip Select inputs Simple Memory Expansion inputs and outputs and utilize a single power supply of 4 to 
6.5 volts. The MWS5101 and MWS5101A differ in input 
* Memory Retention for Standby............. 2V (Min) voltage characteristics (MWS5101A is TTL compatible). 
Battery Voltage 


Two Chip Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 


Output Disable for Common VO Systems 


¢ 3-State Data Output for Bus Oriented Systems capability and is also useful in common Input/Output 

| systems by forcing the output into a high impedance state 
¢ Separate Data Inputs and Outputs during a write operation independent of the Chip Select input 
° TTL Compatible (MWS5101A) condition. The output assumes a high impedance state 


when the Output Disable is at high level or when the chip is 
deselected by CS1 and/or CS2. 


Pinout The high noise immunity of the CMOS technology is 
22 LEAD DIP preserved in this design. For TTL interfacing at 5V operation, 
TOP VIEW excellent system noise margin is preserved by using an 

external pull-up resistor at each input. 


For applications requiring wider temperature and operating 
voltage ranges, the mechanically and functionally equivalent 
static RAM, CDP 1822 may be used. 


The MWS5101 and MWS5101A types are supplied in 22 
lead hermetic dual-in-line, sidebrazed ceramic packages (D 
suffix), in 22 lead dual-in-line plastic packages (E suffix), and 
in chip form (H suffix). 


CMOS MEMORY 


Plastic DIP 0°C to +70°C MWS5101EL2 MWS5101EL3 MWS5101AEL2 MWS5101AEL3 
Burn-in MWS5101EL2X MWS5101EL3X MWS5101AEL2X MWS5101AEL3X 

Ceramic DIP 0°C to +70°C MWS5101DL3 MWS5101ADL3 
Burn-in MWS5101DL3X MWS5101ADL3X 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 11 06.1 
Copyright © Harris Corporation 1992 6-49 


MWS5101, MWS5101A 


OPERATIONAL MODES 


CHIP SELECT 2 OUTPUT | READ/WRITE 
CS, DISABLE OD OUTPUT 


Logic 1 = High, Logic O = Low, X = Don't Care 


Functional Block Diagram 


rc | 
% 4 (5) (32) | 
AIL © BUFFERS 
2 AND DECOD- 
nS ALL ROWS ERS 
A3© DESELECT 
MO ( FUNCTION 
| (8x32) (8x32) 
% 9. STORAGE STORAGE 
ori © 
x ARRAY | | ARRAY 
OL2 Ol! (4) 
DI3 513 GATES 


BIT (4) 


oO” es) 
BIT (1) 
| 
| (3) (8) 
. |} input 
ASO BUFFERS 
6 AND COLUMN 
AB O—+4ALL COLUMN DECOD- 


*% 7 DESELECT : 
A7O FUNCTION 


| 
x | 
* 


* 
onOeL 
Yoo Voo Yoo 
INPUT PROTECTION OUTPUT OVER VOLTAGE 
NETWORK PROTECTION PROTECTION 
CIRCUIT CIRCUIT 
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Specifications MWS5101, MWS5101A 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 


(All Voltages Referenced to Vgc Terminal) ........ —0.5V to +7V 
Input Voltage Range, All Inputs ............. —0.5V to Vop +0.5V 
DC Input Current, Any One Input................. 0.0.00. +10mA 
Power Dissipation Per Package (Pp) 

Ts = —40°C to +60°C (Package Type E).............. 500mW 

Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at 

12mW/C to 200mW 

Ta = —55°C to +100°C (Package Type D)............. 500mW 

Ta = +100°C to +125°C (Package Type D) .... Derate Linearly at 

12mWPC to 200mW 


Device Dissipation Per Output Transistor 

T, = Full Package Temperature Range 

(All Package Types)...............e ee eens 
Operating Temperature Range (T,): 

Package Type D.............. 2c eee e eee 

Package Type E....... ce eee eee 
Storage Temperature Range (Tag) ......------ 
Lead Temperature (During Soldering): 

At distance 1/16 +1/32 In. (1.59 + 0.79mm) 

from case for 10S Max.......... 0c cece ees 


. ~40°C to +85°C 


Recommended Operating Conditions tT, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 

ALL TYPES 
ee ee ee 
v 


CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 


Static Electrical Characteristics At T, = 0°C to +70°C, Vpp = 5V + 5% 


CONDITIONS 


Output Low (Sink) Current 
Output High (Source) Current 
Output Voltage Low-Level 


o 
~ 


< < 
: iF 


S 
x 


Output Voltage High-Level 
Input Low Voltage 

Input High Voltage 

Input Leakage Current 
Operating Current (Note 2) 


3-State Output 
Leakage Current 


< 
ad 


z 


L2 Types lout 
L3 Types 


Input Capacitance 


2 Slols< 

. Sz 
» » = 
6 v 


Output Capacitance Cout 


1. Typical values are for T, = +25°C and nominal Vpp. 


Vo (Note 1) (Note 1) 
CHARACTERISTIC SYMBOL | (V) TYP 
Quiescent Device L2 Types 
Current L3 Types 10 10 


LIMITS 


N 


N iH pH I+ 
ore mem me! on 


2. Outputs open circuited; Cycle time = ips. 
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Np it p+ H 
Eat on 


UNITS 


200 


Uisolei ist = bd 


1 


CMOS MEMORY 


Specifications MWS5101, MWS5101A 


Dynamic Electrical Characteristics at, = 0°C to +70°C, Vop = 5V + 5% 


LIMITS (NOTE 1) 


L2 TYPES L3 TYPES | 


| (NOTE 2) | (NOTE 3) (NOTE 2) | (NOTE 3) 
CHARACTERISTIC SYMBOL MIN TYP MIN TYP UNITS 
READ CYCLE TIMES (FIGURE 1) | | 


Read Cycle 
Access from Address 
Output Valid from Chip Select 1 
Output Valid from Chip Select 2 
Output Valid from Output Disable 
Output Hold from Chip Select 1 
Output Hold from Chip Select 2 

| Output Hold from Output Disable 
WRITE CYCLE TIMES (FIGURE 2) 


Tews 


o] 
a 
2 


Chip Select 1 Hold 


NOTES: | 
1. MWS5101: t, t; = 20ns, Vy = 0.7Vpp, Vin = 3Vpp; C, = 100pF 2. Time required by a limit device to allow for the indicated function 


and MWSS101A: tr, y= 20ns, Viyq = 2.2V, Vi_ = 0.65V;C_=50pF 3, Typical values are for T, = 25°C and nominal Vop 
and 1 TTL Load. 


Xr ja {oa 


ov 
8 
3 


oy 


~] 
” 


~#—_———— we 


i Seni eaneiee nn eal, 
eae ssecect: in aes 
RC 
CHIP-SELECT 2 A | | 
ere — 


OUTPUT DISABLE ss 
CHIP SELECT | | "poat i 1 9pg—— 


eae ne on- 018 VII ELLE 


CHIP SELECT 2 "poa2 'poH2 
REAO/ WRITE 
OUTPUT DISABLE ‘9083 7 
ns ~ 
"aa 


oe | oS —_— 


: ' 
fomawsiane | WZ 


petarey HG PAVALIO ? *tops is required for common W/O operation only; for separate /O 
| | impeoance Operations, output disable is “don’t care” 
FIGURE 1. READ CYCLE TIMING WAVEFORMS FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 
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MWS5101, MWS5101A 


Data Retention Characteristics at 1, = 0°C to +70°C; See Figure 3 


TEST 
CONDITIONS LIMITS 
CHARACTERISTIC SYMBOL 


Minimum Data Retention Voltage 


Data Retention Quiescent Current L2 Types 


Chip Deselect to Data Retention Time 
Recovery to Normal Operation Time 
Vpp to Vor Rise and Fall Time 


NOTE: 
1. Typical Values are for T, = 25°C and nominal Vpp 


| 
DATA RETENTION 
he : MODE ~ WRITE 
0.95 Vop 0.95 Vop DECODER 
VOR 
tcor ‘rc 


DATA IN 
DATA OUT 


> 
CS Cc 
Vin ViH 2 
Vig Vie = 
VDD rs 
FIGURE 3. LOW Von DATA RETENTION TIMING WAVEFORMS FIGURE 4. MEMORY CELL CONFIGURATION = 
© 
Po CONTROL A | 


$ 
Gon S e 
. | 
A 
| CHIP-SELECT 
| fe CONTROL 
cS2 | 


Ryw | l 
$i fy >> —_|, 
{| | | CHIP-SELECT & 


—-—_— — — 7 7 1 R/W OCONTROL 
CONTROL C ! 


| O) 
| Isc 
OUTPUT | ,_4{ ouput 
o_o > CONTROL 
DISABLE | | : 
Re ett a ee Nees ee a EE ee ee 


FIGURE 5. LOGIC DIAGRAM OF CONTROLS FOR MWS5101, MWSS101A 
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tae SEMICONDUCTOR 


February 1992 
Features 
¢ Low Power Standby............ceseeeeees 50uW Max. 
e Low Power Operation ..............: 20mW/MHz Max. 
e Fast Access Time. ........ cc cc eee vcccees 180ns Max. 


e Data Retention ....... 0... c cc cece ecw wee ee 02.0V Min. 


e TTL Compatible Input/Output 
¢ High Output Drive - 2 TTL Loads 
¢ On-Chip Address Register 


Ordering Information 


*Respective /883 specifications are included at the end of this 


[PAGKAGE | YEP RANGE [ Toone [ne 


HM-6508 


1024 x 1 CMOS RAM 


Description 


The HM-6508 is a 1024 x 1 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high 
performance and low power operation. : 


On chip latches are provided for address allowing 
efficient interfacing with microprocessor systems. The 
data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 


The HM-6508 is a fully static RAM and may be main- 
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaran- 
teed over temperature. 


datasheet 
Pinout Functional Diagram 
16 LEAD DIP 
TOP VIEW | 
re = Ene es | 
A6 o LATCHED 
ADDRESS RoW b<—I 32 x 32 
a REGISTER MATRIX 
AQ 
= rs — 32 
De Ceca 
AND DATAI/O LG 20 
a 5 
"D> OO / £3 
> > REGISTER 


| PIN | DESCRIPTION 
ae Address Input 
ae Chip Enable 


Write Enable 
Data Input 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


AO Al A2 A3 A4 


ALL LINES POSITIVE LOGIC - ACTIVE HIGH 
THREE STATE BUFFERS: 


A HIGH — OUTPUT ACTIVE 


ADDRESS LATCHES AND GATED DECODERS: 
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LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 


File Number 2984 


Specifications HM-6508 


Absolute Maximum Ratings 


Supply. Voltage «6354050 G.caaie nati velow eu doe eeew eek +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 6... ccc cc ccc eee ee eees +175°C 
Lead Temperature (Soldering 10S)...........0.0cceeee +300°C 
Typical Derating Factor........... 1.5mA/MHz Increase in ICCOP 
ESD Classification .. 0... 0... ccc cet cece e ee eees Class 1 


Reliability Information 


Thermal Resistance ................ Bia 8. 
Ceramic DIP Package............. 75°CWW 15°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package .......... ccc cece cece ee eees 0.67 W 
Gale COUN. 4h edie el Bi sande seheeenGeeeeees 1925 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range.................008- +4.5V to +5.5V 


Operating Temperature Range 
HM-6508B-9, HM-6508-9 ...............0005 -40°C to +85°C 


DC Electrical Specifications VCC = 5V + 10%; T, = -40°C to +85°C (HM-6508B-9, HM-6508-9) | 


HM-6508B-9 
HM-6508-9 


ICCDR Data Retention Supply 
Current 


Input Leakage Current 


Output High Voltage 


Capacitance T, = +25°C 


SYMBOL PARAMETER 
Input Capacitance (Note 2) 


SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 
ICCSB Standby Supply Current pA IO = OmA, VI = VCC or GND, 
VCC = 5.0V 
ICCOP Operating Supply 4 
Current (Note 1) 


VCCDR Data Retention Supply Voltage bs 20- | 


a 

[cz [oupatigs coven | 1a _| v1 | 1a | wonvetorano voo=a5v 
a 
vor [owmatowveree it Tm | 

ee ce 


E = 1MHz, IO = OmA, VI = VCC or 
GND, VCC = 5.5V 


VCC = 2.0V, |O = OmA, VI = VCC or 


GND, E = VCC 


VI = VCC or GND, VCC = 5.5V 


VCC = 4.5V 
VCC = 5.5V 


IO = 3.2mA, VCC = 4.5V 
lO = -0.4mA, VCC = 4.5V 


f = 1MHz, All measurements are 
referenced to device GND 


Output Capacitance (Note 2) 


NOTES: 
1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes 1 
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Specifications HM-6508 


AC Electrical Specifications vcc = 5v + 10%; T, = -40°C to +85°C (HM-6508B-9, HM-6508-9) 


HM-6508-9 
SYMBOL PARAMETER 


| (1) TELQV | Chip Enable Access Time 
(2) TAVQV | Address Access Time 


: 


TEST 
CONDITIONS 


co 
cor 
T= [ome 
coo 
T= |e 
=| 
coe 
co 
= 
= 
= 
as 
= 
m 
= 


UNITS 


Chip Enable Write Pulse Hold Time 


(Notes 1, 3) 
(15) TELEL Read or Write Cycle Time (Notes 1, 3) 
NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: Sns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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HM-6508 


Timing Waveforms 
READ CYCLE 


(8) raver TELAXee (9) 


(8) raves 


BOOK [VALOIS [NEXT 


=} mi 
| | fy 


© LG 


TAVQV 


ava 


(15) 
(7) 


(3) 
TIME 
REFERENCE 


-1 0 


i] 


2 3 4 § 


TRUTH TABLE 


In the HM-6508 Read Cycle, the address information is 
latched into the on chip registers on the falling edge of E (T = 
0). Minimum address setup and hold time requirements must 
be met. After the required hold time, the addresses may 
change state without affecting device operation. During time 
(T = 1) the data output becomes enabled; however, the data 


INPUTS OUTPUTS 


x [2 
Tx [x 


FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 
Output Enabled 


Read Accomplished 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


is not valid until during time (T = 2). W must remain high for 
the read cycle. After the output data has been read, E may 
return high (T = 3). This will disable the chip and force the 
output buffer to a high impedance state. After the required E 
high time (TEHEL) the RAM is ready for the next memory 
cycle (T = 4). 
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CMOS MEMORY 


HM-6508 


Timing Waveforms (Continued) 


WRITE CYCLE 
(8) raver TELAXm (9) (8) tavet 
B® IOI | VAL II SSSI _|NERT 
(7) ; sa ne FE EL (15) 


so TEHEL 


mt 


——---—-- TWLEH 


=| 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. By posi- 


TELEH —--— —_——- 


RRKKKOK_vatio para ror |) 


TEHEL 


7 
& 7) 


OQ PEK 


z 
= 
o 
x 
~~ 
—h 
~ 
— 


EDA ee SLO a a a a IE Ee I OE an a ey 
TIME 
REFERENCE 


OUTPUTS 
FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 
Write Period Begins 


Write Completed 


Prepare for Next Cycle (Same as -1) | 


Cycle Ends, Next Cycle Begins (Same as 0) 


ite Per 
fz Data is Written 


tioning the W pulse at different times within the E low time 
(TELEH), various types of write cycles may be performed. 


If the E low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELQX), a combina- 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


Test Load Circuit 


eovoovensceeenzeneoeesee 


DUT ¢ 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 
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FARRIS 


SEMICONDUCTOR 


tt 


February 1992 


HM-6508/883 


1024 x 1 CMOS RAM 


Features 


¢ This Circuit is Processed in Accordance to 
Mil-Std-883 and is Fully Conformant Under the Provi- 
sions of Paragraph 1.2.1. 


Description 


The HM-6508/883 is a 1024 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. 
Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 


¢ Low Power Standby.................... 50u.W Max. 

¢ Low Power Operation ............. 20mW/MHz Max. ©" Chip latches are provided for address allowing efficient 
interfacing with microprocessor systems. The data output 

¢ Fast Access Time. .................... 180ns Max. buffers can be forced to a high impedance state for use in 

¢ Data Retention ............. 0. cece eeeeee 2.0V Min. expanded memory arrays. 


The HM-6508/883 is a fully static RAM and may be main- 
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 


¢ TTL Compatible Input/Output 
¢ High Output Drive - 2 TTL Loads 


¢ On-Chip Address Register over temperature. 
Pinout Functional Diagram 
HM1-6508/883 (CERAMIC DIP) 
TOP VIEW 


GATED 


DECODER MATRIX 
32 
e- 


GATED COLUMN 
aaa DECODER - 
AND DATAI/O 
PLANO BatAlO | © 
a ee = 
jr | LATCHED ADDRESS 
REGISTER 


Ao A1 A2 A3 A4 
ALL LINES POSITIVE LOGIC - ACTIVE HIGH 


LATCHED 
ADDRESS 
REGISTER 


0 


=I 


mi 


> 
c 
Oo 
= 
uJ 
= 
2) 
Oo 
= 
O 


[pin | DESCRIPTION 
Address Input 


THREE STATE BUFFERS: 
A HIGH > OUTPUT ACTIVE 
ADDRESS LATCHES AND GATED DECODERS: 
Chip Enable LATCH ON FALLING EDGE OF E 


GATE ON FALLING EDGE OF E 


Data Input 


| ow Write Enable 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 2985 
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Specifications HM-6508/883 


Absolute Maximum Ratings 


Supply Voltage oo ele he ees See eae sates dees sate +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ...............6. -65°C to +150°C 
Junction Temperature... 0... ccc cece cece ec eees +175°C 
Lead Temperature (Soldering 10s)...............0005: +300°C 
Typical Derating Factor........... 1.5mMA/MHz Increase in ICCOP 
ESD Classification ........ 0... cece cee e cece eees Class 1 


Reliability Information 


Thermal Resistance ...............- Oia Bic 
Ceramic DIP Package............. 75°CIWW 15°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package .......... cece cece cece nees 0.67 W 
Gate Count ........ eee ee re re tae ee . 1925 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range........... ee cece ees +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
Input Low Voltage... 2... cece eect ee eens OV to +0.8V 


Input High Voltage... .... 2... eee eee eee VCC -2.0V to VCC 
Input Rise and Fall Time... . 2... eee eee 40ns Max. 


TABLE 1. HM-6508/683 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


_ (NOTE 1) 
CONDITIONS 


LIMITS 
GROUP A 
SUBGROUPS TEMPERATURE | Min | MAX | UNITS 


Output Low Voltage Voi VCC = 4.5V, -55°C < Ty S$ +125°C 0.4 V 
IOL = 3.2mMA 

Output High Voltage VOH VCC = 4.5V, -55°C < Ta Ss +125°C 2.4 V 
IOH = -0.4mA 


VCC = 5.5V, 
VI = GND or VCC 


Input Leakage Current 
Output Leakage Current 


Data Retention Supply Current VCC = 2.0V, 
E = VCC, 
10 = OmA, 


VI = VCC or GND 


HM-6508B/883 
HM-6508/883 


Operating Supply Current VCC = 5.5V, 
(Note 2), 

E = 1MHz, 
10 = OmA, 
Standby Supply Current VCC = 5.0V, 

10 = OmA, 

Vl = VCC or GND 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP 


VCC = 5.5V, 
VO = GND or VCC 


sdaiue! 


eae 
ee 
ey 


1 -55°C < Ty < +125°C 


-55°C < Ty < +125°C 


-55°C < Ty < +125°C 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 2. HM-6508/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
LIMITS 


GROUP A HM-6508B/883 | HM-6508/883 
(NOTES 1, 2) SUB- asntedasath : 
PARAMETER | SYMBOL | CONDITIONS | GROUPS | TEMPERATURE 


Chip Enable (1) TELQV | VCC =4.5 and 9, 10, 11 55°C < Ta S$ +125°C 
Access Time 5.5V - 
Address Access | (2) TAVQV | VCC=4.5and | 9,10,11 | -55°C<T,<+125°C 
Time 5.5V , Note 3 
Chip Enable (3) TELaX | VCC =4.5 and 55°C <T, S$ +125°C i 
(4) TWLQZ | VCC =4.5and | 9,10,11 | -55°C<T,<+4125°C 
5.5V 
(8) TEHQZ | VCC =4.5 and 55°C ST, < 4+125°C 2 
9,10,11 | -55°C <T,s +125°C a 
Chip Enable 


no fe wa a ’ 
9,10, 11 55°C < Ty $ +125°C 100 100 
Pulse Positive 
eae ae i 
i a 


Output Disable 
Time 


Write Enable 

Output Disable 
Time 
Chip Enable 
Output Disable 
Time 


Chip Enabie 
Pulse Negative 
Width 


(7) TEHEL | VCC =4.5 and , 
5.5V 
Width 
Address Setup (8) TAVEL | VCC =4.5 and 9, 10, 11 -55°C < Ta S$ +125°C 
Time 5.5V 


Data Setup Time | (10) TDVWH | VCC =4.5 and 9, 10, 11 -55°C < Ty $ +125°C 
5.5V 

Data Hold Time (11) TWHDX | VCC = 4.5 and 9, 10, 11 ~55°C < Ty $ +125°C 
5.5V 

Chip Enable Write | (12) TWLEH | VCC =4.5 and 9, 10, 11 -55°C < Ta S$ +125°C 

Pulse Setup Time 5.5V 

Chip Enable Write | (13) TELWH | VCC =4.5 and 9, 10, 11 -55°C < Ta S$ +125°C 

Pulse Hold Time 5.5V 

Write Enable (14) TWLWH | VCC = 4.5 and 9, 10, 11 -55°C < Ty $ +125°C 

Pulse Width 5.5V 

Read or Write (15) TELEL | VCC =4.5 and 9, 10, 11 -55°C < Ty S$ +125°C 

Cycle Time 5.5V 


1. Ail voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


Address Hold (9) TELAX | VCC =4.5 and 9, 10, 11 -55°C < Ta < +125°C 
Time 5.5V 


3 


3 


> 
x 
re) 
= 
Liu 
= 
”) 
fe) 
= 
© 


0 
0 
0 
0 


35 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 3. HM-6508/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS : 
PARAMETER SYMBOL NOTE TEMPERATURE pom | MAX | UNITS 
input Capacitance VCC = Open, f = 1MHz, All Ty = +25°C 
. Measurements Referenced 
to Device Ground 
Output Capacitance VCC = Open, f = 1MHz, All Bae 
NOTE: 


Measurements Referenced 
to Device Ground 

1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 

process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


fears temo 
a 
ee ee 


CAUTION: These devices are sensitive to electronic discharge. Proper Ic handling procedures should be followed. 
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Timing Waveforms 


READ CYCLE 
(8) raver: TELAXe| (9) (8) tavet 
» SEEK NOK rare KKK RE IIE OOK fone 
(7) FI (15) 
TEHEL (7) 
my 
(2 ee | eR 
0 SAREE KKH INCISION 
TEHOZee~(5) fee i) TEHOZ pe (5) 
Tecax—e4(3) 
ie ee 
TAVQV 
(3) 
TIME | | | | | | | 
REFERENCE 
1 0 1 2 3 4 5 
TRUTH TABLE 


INPUTS 


OUTPUTS 
FUNCTION 


a 
es 
a Co 
re 
To eteavae 
Tv 
2 
a 


Read Accomplished 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


In the HM-6508/883 Read Cycle, the address information is _ is not valid until during time (T = 2). W must remain high for 
latched into the on chip registers on the falling edge of E (T= the read cycle. After the output data has been read, E may 
0). Minimum address setup and hold time requirements must return high (T = 3). This will disable the chip and force the 
be met. After the required hold time, the addresses may output buffer to a high impedance state. After the required E 
change state without affecting device operation. During time high time (TEHEL) the RAM is ready for the next memory 
(T = 1) the data output becomes enabled; however, the data cycle (T = 4). 
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HM-6508/883 


Timing Waveforms (Continued) 
WRITE CYCLE 


SOMO OOY) 


a ee Man MY Ms: 


my 


=| 


TIME 


Cf VALID KG CKD 


SONI vata oara rar | KSOKRRK 


———TELEL 
TELEH —--—- 


\/ 


Se 


| er ee LR EE PR ASCE SP PAS PPR ES ST i PE A SE SAD TEES 
REFERENCE | | | | | | | 


FUNCTION 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Write Period Begins 


Write Completed 
Prepare for Next Cycle (Same as -1) 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain jow until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. By posi- 


| Z| Datais Written 


Cycle Ends, Next Cycle Begins (Same as 0) 


tioning the W pulse at different times within the E low time 
(TELEH), various types of write cycles may be performed. 


if the E low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELQX), a combina- 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


Test Load Circuit 


DUT ¢ 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 
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Burn-In Circuit 


HM-6508/883 CERAMIC DIP 
Fo 1 E Se 
F3 | 2 | AO F2 a 
F4 13 {At FI 
FS 41 A2 A9 [13] —_AAA-—— F12 


NOTES: 

All resistors 47kW + 5% 

FO = 100kHz + 10% 

Fl =FO+2,F2=F1+2,F3=F2+2...F12=F11i+2 
VCC = 5.5V+0.5V 

VIH = 4.5V + 10% 

VIL = -0.2V to +0.4V 

Ci =0.01pF Min. 


Packaging 
16 PIN CERAMIC DIP 


> 
fea 
Oo 
= 
uJ 
= 
” 
O 
= 
O 


—- 
2015, .150 MIN 
.060 | l zs 
125 .080 MAX is 
180 * 100 
ec BSC 
023 
.050 * 
“OES. * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T16 


MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are pa Dimensions are in inches. 
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Metallization Topology 


DIE DIMENSIONS: 
130 x 150 x 19 + 1Imils 


METALLIZATION: 

Type: Si - Al 

Thickness: 1 1kA + 2kA 
GLASSIVATION: 


Thickness: akA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.342 x 10° A/em2 


LEAD TEMPERATURE (10 seconds soldering): 
< 300°C 


Metallization Mask Layout 


=a} HH 


HM-6508/883 


HM-6508/883 


coe 


vcc 
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Tam ao! 


eae ot 


a FIARRIS 


SEMICONDUCTOR 


HM-6518 


February 1992 1024 x 1 CMOS RAM 
Features Description 
¢ Low Power Standby..............0,008. 50uW Max. The HM-6518 is a 1024 x 1 static CMOS RAM fabricated 
¢ Low Power Operation ............. 20mW/MHz Max. using self-aligned silicon gate technology. Synchronous 
; circuit design techniques are employed to achieve high 
e Fast Access Time. ........... 0. eens 180ns Max. performance and low power operation. 
° Data Retention ee @ 2.0V Min. On chip latches are provided for address and data outputs 
¢ TTL Compatible Input/Output allowing efficient interfacing with microprocessor systems. 


The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 


The HM-6518 is a fully static RAM and may be maintained in 
e On-Chip Address Register any state for an indefinite period of time. Data retention 


¢ Two-Chip Selects for Easy Array Expansion supply voltage and supply current are guaranteed over- 
e Three-State Output temperature. 


e High Output Drive - 2 TTL Loads 
¢ High Noise Immunity 


Ordering Information 


[PacKnce | TEWPERATURERANGE | _ieone | swe 


* Respective /883 specifications are included at the end of this data sheet. 


Pinout Functional Diagram 
18 LEAD DIP 
TOP VIEW 


A6 © LATCHED GATED 32 x 32 
Ow 


A7O ADDRESS R 
A8 oC REGISTER DECODER ila 
AQ O 
Pal 32 
PP GATED COLUMN 


D Q 
DECODER LATC 0 Q 
a AND DATAI/O ee 
aaa: 
a i Se) aaa 
a 


CMOS MEMORY 


5 


E o—a LATCHED ADDRESS 

E > REGISTER 
DESCRIPTION Srey , ft f f of 

S20 ae Ao Ai A2 A3 A4 


ALL LINES POSITIVE LOGIC - ACTIVE HIGH 
THREE STATE BUFFERS: 
A HIGH ———> OUTPUT ACTIVE 


DATA LATCHES: 
LHIGH ——> Q=D 
Q LATCHES ON RISING EDGE OF L 


ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 


— 
a 

= [eee 
[~sYew eer 
Te [ere 
[2 [ees onea 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2987 
Copyright © Harris Corporation 1992 6-67 
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Specifications HM-6518 


Absolute Maximum Ratings 


Reliability information 


SUDDIY VONAGG 404.65: 34ss i eed dibs ay cease ewer +7.0V Thermal Resistance Bia Bc 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 75°CIW 18°C/W 
Storage Temperature Range ................. ~65°C to +150°C = Maximum Package Power Dissipation at +125°C 

. Junction Temperature... 0.0... cee eee eee eens +175°C Ceramic DIP Package..... Pa Nate AE fe oe Kis fae 5 a Sa SL 0.67W 
Lead Temperature (Soldering 10s).................5:. +300°C Gate Count... eee cece eee e eee eines 1936 Gates 
ESD Classification ...... 0.0... cece eee eee eee eee es Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................000: +4.5V to +5.5V Operating Temperature Range 
HM-6518B-9, HM-6518-9 .............. 000 ee -40°C to +85°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6518B-9, HM-6518-9) 


LIMITS 
PARAMETER SYMBOL | omin, | MAX 


Operating Supply ICCOP 
Current (Note 1) 


TEST CONDITIONS 


1O = OmA, Vi = VCC or GND, 
VCC = 5.5V 


E = 1MHz, 10 = OmA, VI = VCC or 
GND, VCC = 5.5V 


Data Retention Supply HM-6518B-9 


Current 


VCC = 2.0V, 1O = OmA, VI = VCC or 


GND, E = VCC 
HM-6518-9 


Data Retention Supply Voltage 
Input Leakage Current 

Output Leakage Current 

Input Low Voltage - 


Input High Voltage 


Output Low Voltage 


Output High Voltage 


Capacitance T, = +25°C | ? 


PARAMETER SYMBOL MAX UNITS TEST CONDITIONS 


NOTES: 
1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


f = 1MHz, All measurements are 
referenced to device GND 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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AC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6518B-9, HM-6518-9) 


PARAMETER SYMBOL | MIN | MAX | min | MAX UNITS CONDITIONS 
[cipenaiearen tne | wae [| wf - [oo | ~ | romsa 
ee ee ee 
[crn saoupmemnerem | a vax [s [w]e [wo | ~ | roman 
[wits ouput omaerne | w rmaz [| wo - [wo | ~ | nomaa 
[cn saecGapucenberne | o voor | - | wo | - [wo | = | romeo 
[ance pueonepave wan | ven [wo | - | oo | - [= | romso 
ence pase Posivewian | om vane [wo | - | oo | - [= | remmnay 
[naesatntee | wwe fo | fo | | | romney 
[nanan | ewe | wo | fw [| | romney 
[ona sting i vy on | wo | fo | [| remo 
[ona voatne i cay wx fo | fo | | = | romno 
cin sawie Pie twTew | ca rman [woo | - | wo | | ~ | roma | 
[cin crate wie Pe upto | vw) rmien [vo | - [oo [ - [= | romna 
en sae wie Pasenocine | vo) vou [vo | - | oo [ - [= | omno 
[cnipcrata wie Puen | vo) veuw [ vo | - | oo [ - [= | vemno 
Twente rucewion |v mw [vo | - | oo | [ ~ [ comno 
[readerwiinGyievire ipo vam [ow | - [wo | | ~ | roma 


NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


CMOS MEMORY 
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Timing Waveforms 


READ CYCLE (8) (9) (8) 
TAVEL TELAX TAVEL 


RRR RLLYLY SEO RI OOK [next 


x) OQ x) KS 


=| mi 

x 

¢ 3 
aa 


© OOP ODED KG 
tecav(1} 
<TAVOV (2) 
0 EE isn z SOOO vari outeur caronen 08? 
TSHOz (5) TSLOX (5) TsHOZ 

31,0 (3) 

s2 fi 

TIME 
REFERENCE | | = 2 See eee eae ene! es) Se 

“1 0 1 2 3 a. 6S 
TRUTH TABLE 


5 ee 


Output Valid 
Output Latched | 


Device Disabled, Prepare for Next Cycle 
(Same as -1) 

Cycle Ends, Next Cycle Begins 

(Same as 0) 


2 are low, and deselected if either S1 or S2 are high 


NOTE: 1. Device selected only if both S1 and 


7) 


In the HM-6518 read cycle the address information is be low, W must be high. When E goes high the output data 
latched into the on chip registers on the falling edge of Eis latched into an on chip register. Taking either or both S1 
(T = 0). Minimum address setup and hold time require- or S2 high forces the output buffer to a high impedance 
ments must be met. After the required hold time the state. The output data may be re-enabled at any time by 
addresses may change state without affecting device oper- taking S1 and S2 low. On the falling edge of E the data will 
ation. in order for the output to be read $1, S2 and E must _ be unlatched. 
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Timing Waveforms (Continued) 


WRITE CYCLE (8) (9) (8) 
arate TELAX an 
BOK | VAL ROD ODE GOO OI |NEXT 


TEHEL 


(7) 


ny 


(15) 
VL SWItIW 


> I 


OKO PRY 


Q HIGH Z 


TWLWH |] 6] 


: : 


TWLEH (13) 


VLE WJW11(1/1IVN 


——--rwuox [11] 


C wai ATA TOOK SOY 


(14) rs.wH —— 


“| 


| 


5 Ys 0~0.W">, ———- {12] mise 


MMII QW 


TIME me Ft eae oe ee eee, 
REFERENCE 


TRUTH TABLE 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as E, W, S1 and S2 
being low simultaneously. WwW may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E, W, S1 or S2. Data setup 
and hold times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. By 


Memory Disabled 
Cycle Begins, Addresses are Latched 
Write Mode has Begun 


NOTE: 1. Device selected only if both Si and S2 are low, and deselected if either S1 or S2 are high 


positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH) plus an output enable time (TSLQX), a 
combination read write cycle is executed. Data may be 
modified an indefinite number of times during any write cycle 
(TELEH). 


The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


Test Load Circuit 


teeacconcvecscoceocssee 


DUT ¢ 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


POOCOCOEDSSOESHO THO DESEESDSOSEUHSETOSEHSSOOHHOGOTOEHOHOURESEOEREDOEESE 
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CMOS MEMORY 


SEMICONDUCTOR 


_ HM-6518/883 


1024 x 1 CMOS RAM 


January 1992 


Features 


This Circult Is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Low Power Standby. ................... 50uW Max. 


@ 

¢ Low Power Operation ............. 20mW/MHz Max. 
e Fast Access Time. .......... ccc cnccnes 180ns Max. 
e Data Retention ........... 2c cece wea eee @ 2.0V Min. 


¢ TTL Compatible Input/Output 
¢ High Output Drive - 2 TTL Loads 


Description 


The HM-6518/883 is a 1024 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. 
Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 


On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 


The HM-6518/883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 


over temperature. 
¢ High Noise Immunity 
¢ On-Chip Address Register 
¢ Two-Chip Selects for Easy Array Expansion 
¢ Three-State Output 
Pinout Functional Diagram 
HM-65 18/883 (CERAMIC DIP) 
TOP VIEW 
A5 Cc | 
AG Cc LATCHED 32 x 32 
ATC ADDRESS 
Ag c REGISTER | mat 
Ag C 
32 
$e He a pe 
AND DATAI/O A 
ERY Ce Seer: 
p> GO | ff 
Eo—d> a 


LATCHED ADDRESS 
REGISTER 
ST ‘e e ) e e e e 
$2 0o—c i) AO 


Ai A2 A3 A4 


DESCRIPTION 
Address Input 


ALL LINES POSITIVE LOGIC - ACTIVE HIGH 


THREE STATE BUFFERS: 
Chip Enable AHIGH ———> OUTPUT ACTIVE 
DATA LATCHES: 


LHIGH ———> Q=D 
Q LATCHES ON RISING EDGE OF L 


ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 


Chip Select 
Data Input 


|W Write Enable 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HM-6518/883 


Absolute Maximum Ratings 


Reliability Information 


SUDDIY VONAGG <s:esce eis G sa ee os Pie cde eee be tOe ees +7.0V Thermal Resistance Bia 8 
input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 75°C/W 18°C/W 
Storage Temperature Range ................. -65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature... 6.0... eee cee ees +175°C Ceramic DIP Package ............ ccc cece ence eee 0.67W 
Lead Temperature (Soldering 10s)...........-...5.04- +300°C Gate Count ........ 0. cece cece e cece eee e teens 1936 Gates 
ESD Classification .. 0.0.0.0... cece cc ec eee eee Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.............. 0. eee ee +4.5V to +5.5V = Input High Voltage. ......... 0... 0.0 ee eee VCC - 2.0V to VCC 
Operating Temperature Range................ -55°C to +125°C Input Rise and Fall Time... ....... 2... eee ee eee 40ns Max 
INDUtT LOW VONAGS: 2:55 4.0 esi os dank he Rhea te OV to +0.8V 


TABLE 1. HM-6518/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SUBGROUPS TEMPERATURE 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


(Note 1) 
CONDITIONS 


Output Low Voltage VOL VCC = 4.5V, 1,2,3 -55°C < Ta $ +125°C 0.4 V 
IOL = 3.2mMA 

Output High Voltage VCC = 4.5V, -55°C < Ta $ +125°C 2.4 
IOH = -0.4mA 


aes 5.5V, 


-55°C < Ty S$ +125°C +1.0 
= GND or VCC 
1OZ VCC = 5.5V, -55°C < Ty S$ +125°C -1.0 +1.0 
VO =GND or VCC 


VCC = 2.0V, -55°C < Ty S$ +125°C 
E=VCC, 

lO = OmA, 

Vil = VCC or GND 


Input Leakage Current 
Output Leakage Current 


Data Retention Supply Current 


HM-6518B/883 


HM-6518/883 
Operating Supply Current VCC = 5.5V, -55°C < Ta $ +125°C 
(Note 2), 

E = 1MHz, 
IO = OmA, 
VI = VCC or GND 


> 
cc 
fe) 
= 
Lu 
= 
” 
e) 
= 
oO 


Standby Supply Current VCC = 5.5V, 
IO = OmA, 


Vi = VCC or GND 


-55°C < Ty $ +125°C 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications HM-65 18/883 
TABLE 2. HM-6518/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 
LIMITS 
HM-6518B/883 HM-6518/883 


GROUP A 


(Notes 1, 2) SUB- 
CONDITIONS | GROUPS 


TEMPERATURE UNITS 


-5B°C < Ty S$ +125°C 


~ PARAMETER SYMBOL 


Chip Enable __ (1) TELQV | VCC = 4.5 and 

Access Time. _ 7 5.5V 

Address Access (2) TAVQV | VCC = 4.5 and © -55°C < Ty S$ +125°C 
.| Time . §.5V , Note 3 


Chip Select (3) TSLQX | VCC=45and | 9, 10,11 | -55°C<T,<+125°C 


Output Enable 
Time 
Write Enable 


Output Disable 
Time 


(4) TWLaZ | VCC = 4.5 and 


5.5V 


-55°C $ Ty S$ +125°C 


Chip Select 
Output Disable 
Time 


Chip Enable Pulse 
Negative Width 


Chip Enable Pulse 
Positive Width 


(5) TSHQZ | VCC = 4.5 and 


(6) TELEH | VCC = 4.5 and 9, 10, 11 
5.5V 
(7) TEHEL | VCC =4.5 and 
5.5V 
Address Setup (8) TAVEL | VCC = 4.5 and 
Time §.5V 
Address Hold Time (9) TELAX | VCC = 4.5 and 55°C < Ty $ +125°C 
5.5V 
VCC = 4.5 and -55°C < Ty $ +125°C 
5.5V 


-55°C < Ty $ +125°C 


-55°C < Ty 5 +125°C 


_ _ = 
~~” 
S 3 S 


55°C < Ty $ +125°C 


-55°C < Ty S$ +125°C 


Data Setup Time (10) TOVW 


55°C < Ty $ +125°C 


Chip Select Write (12) TWLS 


VCC = 4.5 and -55°C s Ta S$ +125°C 
Pulse Setup Time 5.5V 


Chip Enable Write (13) TWLEH | VCC = 4.5 and -55°C s Ty S$ +125°C 
Pulse Setup Time 5.5V 
(14) TSLWH | VCC = 4.5 and 
5.5V 
Chip Enable Write {| (15) TELWH | VCC =4.5 and 9,10,11 | -55°C <T, < +125°C 100 
Pulse Hold Time 5.5V 


Write Enable Pulse | (16) TWLWH | VCC = 4.5 and 9, 10, 11 
Width 5.5V 


Read or Write (17) TELEL | VCC = 4.5 and 9,10,11 | -55°C < Ty < +125°C 
Cycle Time | 5.5V 
NOTES: 
. All voltages referenced to device GND. 


. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
-1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


. TAVQV = TELQV + TAVEL. 


Chip Select Write 
Pulse Hold Time 


55°C < Ty S$ +125°C 


H : 
Data Hold Time (11) TWHDX | VCC = 4.5 and 9, 10, 11 
5.5V 
H ‘ 


“55°C < Ty $ +125°C 


fh 


GS 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications HM-6518/883 


TABLE 3. HM-6518/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE pomin | MAX UNITS 
Input Capacitance Cl VCC = Open, f = 1MHz, All Ta = +25°C pF 
Measurements Referenced 
es _ ai 


to Device Ground 
NOTE: 1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after 
major process and/or design changes. 


Output Capacitance 


VCC = Open, f= 1MHz, All 
Measurements Referenced 
to Device Ground 


TABLE 4. APPLICABLE SUBGROUPS 


a 
[romeo 


CMOS MEMORY 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
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Timing Waveforms 


READ CYCLE (8) (9) 
TAVEL TELAX 
RSS RRR LGK_| vatio_D 
TEHEL Be 
E (7} } 
an HIGH 
Ww 


CORK RRR KN LD 


HM-6518/883 


(8) 
TAVEL 


\“’ (‘W 


LaF a 


a 


DOOR POOR IKI KK ERG 


G ZS 
tecav(1}} 
—TAVQV (2} 
PREVIOU HIGH 2 
Q WALA 
TSHOZ (5) TSLOX 
$2 
TIME 


REFERENCE 


-1 0 1 


V7 
ODYY VALID OUTPUT LATCHED 


GW oe GD 


HIGH 2 


TSHOZ 


tb) 


TRUTH TABLE 


TIME 
REFERENCE 


$1 and 


oP 


NOTE: 1. Device selected only if both 2 


In the HM-6518/883 read cycle the address information is 
latched into the on chip registers on the falling edge of E 
(T = 0). Minimum address setup and hold time require- 
ments must be met. After the required hold time the 
addresses may change state without affecting device oper- 
ation. In order for the output to be read S1, S2 and E must 


Memory Disabled | 
Cycle Begins, Addresses are Latched 
Output Enabled fi 


Output Valid 
Output Latched 


Device Disabled, Prepare for Next Cycle 
(Same as -1) | 
Cycle Ends, Next Cycle Begins 

(Same as 0) 


are low, and deselected if either S1 or S2 are high 


be low, W must be high. When E goes high the output data 
is latched into an on chip register. Taking either or both S1 
or S2 high forces the output buffer to a high impedance 
State. The output data may be re-enabled at any time by 
taking S1 and S2 low. On the falling edge of E the data will 
be unlatched. 
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HM-65 18/883 


Timing Waveforms (Continued) 


WRITE CYCLE (8) (9) 
reren TELAX 
oS OOK | vAtIO D 


TEHEL 


E (7) 


(15) 
WLLLLUIIIiWISSS$ 


& 3) 


(8) 


TAVEL 


I GK [NEXT 


TWLEH (13) 
TwLWH( 16) VV. WQXiXxXItCW 
—— rox [11] 


OO PK VALIDOATA [KOO ORG 


0 HIGH Z 


{14} TSLWH 


——_———~ (12] mise 


 GMUA_KKW{W_W“WA\ 


REFERENCE 2 3 4 5 


-1 0 


1 


TRUTH TABLE 


INPUTS 


NOTE: 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as E, W, Si and S2 
being low simultaneously. WwW may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E, W, S1 or S2. Data setup 
and hold times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edqe of E. By 


OUTPUTS 
FUNCTION 


foe Oe ed 

TZ | Memo Disabled 
ae ae Cycle Begins, Addresses are Latched 
Wiig 
2 eataiswitten 
[2 | Wite Completed 
ed 
eee 


Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 


positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH) plus an output enable time (TSLQX), a 


combination read write cycle is executed. Data may be . 


modified an indefinite number of times during any write cycle 
(TELEH). 


The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


Test Load Circuit 


1S OO COREOEHCSE LOSS SSEEHESHSEEECORSO CECE SOOO ES SOEOOSEOSESOEEOCESHSEEO HES EOORULEOESEOROBCASOE 
s 


DUT © 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 
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HM-6518/883 


Burn-ln Circuit 


HM-6518/883 CERAMIC DIP 
VCC oy 

FO — 1] $1 . 
FO ee FO G 
F3 [3] AO F2 
F4 14] At FI 
F5 [S| A2 F12 
Fe — 6] A3 Fi1 
F7 F10 
F2 8] Q F9 

9] GND F8 


NOTES: 
All resistors 47kKW +5% 
FO = 100kHz +10% 
Fi =FO+2,F2=F1+2,F3=F2+2...F12=F11+2 
VCC = 5.5V +0.5V 
VIH = 4.5V +10% 
VIL = -0.2V to +0.4V 
C1 = 0.01pF Min. 


Packaging 


16 PIN CERAMIC DIP 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are a Dimensions are in inches. 
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& rae Sa 
.150 MIN 
-098 MAX 


Oo” 
15° 


*« INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
" SOLDER FINISH 


COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 


HM-6518/883 


Metallization Topology 


DIE DIMENSIONS: 
130 x 150 x 19 + Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 1 1kA + 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.342 x 10° A/cm? 


Metallization Mask Layout 
HM-65 18/883 


— 


(Toco Cc CT Tere 


—e 
= es oa So oe 


NOTE: Pin Numbers Correspond to DIP Package Only 
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FARRIS 


SEMICONDUCTOR 


tt 


HM-6551 


February 1992 256 x 4 CMOS RAM 
Features Description 
e Low Power Standby.............0cceee- 50uW Max. The HM-6551 is a 256 x 4 static CMOS RAM fabricated 
* Low Power Operation ............. 20mW/MHz Max. Sing self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high 
e Fast Access Time peneeovesanneeseneseneces 220ns Max. performance and low power operation. 
¢ Data Retention ............0 cence eeees @ 2.0V Min. 


¢ TTL Compatible Input/Output 

¢ High Output Drive - 1 TTL Load 
¢ Internal Latched Chip Select 

¢ High Noise Immunity 

¢ On-Chip Address Register 

¢ Latched Outputs 

¢ Three-State Output 


Ordering Information 


Plastic DIP -40°C to +85°C 
Ceramic DIP -40°C to +85°C 
* /883 -55°C to +125°C 


On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance _ 
State for use in expanded memory arrays. 


The HM-6551 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention 
supply voltage and supply current are guaranteed over- 
temperature. 


HM1-6551 B/883 HM 1-655 1/883 


* Respective /883 specifications are included at the end of this data sheet. 


Pinout Functional Diagram 
22 LEAD DIP 
TOP VIEW : 
Ao 
A1 O—4 LATCHED 
A5 O—4 ADDRESS nepali 
A6 O—1 REGISTER 
A7 7 
po ° 
D1 ¢ GATED COLUMN 
DECODER 
p2¢ AND DATA VO 
D3 
Eod> a 
Wods ak ¢ oan LATCHED ADDRESS 
| PIN. | DESCRIPTION | | Eig fiat 
Sc b SELECT 
ae Address Input — | LATCH eg 
Sto A2 A3 A4 
fe | Chip Enable | 
| Ww meenatle SELECT LATCH: ALL LINES POSITIVE LOGIC-ACTIVE HIGH 
i) oe 4 Chip Select Maks THREE STATE BUFFERS: 
Q LATCHES ON RISING EDGE OF L AHIGH—~ OUTPUT ACTIVE 
ae oer Data Input ADDRESS LATCHES AND GATED DECODERS: DATA LATCHES: 
LATCH ON FALLING EDGE OF E LHIGH—~ Q<D 
Ee Data Output GATE ON FALLING EDGE OF E Q LATCHES ON FALLING EDGE OF L 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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File Number 2989 


Specifications HM-6551 


Absolute Maximum Ratings 


SUPDIY VOMADG oc: 6s5.uw sewed eee wan Genet anes +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 6... cee ee eens +175°C 
Lead Temperature (Soldering 10S). ..........0cee eee +300°C 
ESD Classification ... 0... . ccc cece eee cence eees Class 1 


Reliability Information 


Thermal Resistance 8; 8 
Ceramic DIP Package............. 60°C/W 15°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package... ....... 0. cece cece eee ee eee 0.83W 
Gale Count oss ies ou w ese dew ie Rel Gae nee Goecs 1930 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................. eee +4.5V to +5.5V 


Operating Temperature Range 
HM-6551B-9, HM-6551-9 ................08- -40°C to +85°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6551B-9, HM-6551-9) 


PARAMETER 


ICCOP Operating Supply Current (Note 1) 
ICCDR Data Retention Supply Current 


VCCDR Data Retention Supply Voltage 


Output Leakage Current 
VIL Input Low Voltage 


LIMITS 


E 
'@) 
#2) 
wo 
Y 
a 
Ss 
< 
w” 
c 
Ae] 
zu 
< 
Q 
= 
3 
) 
= 


a Input Leakage Current -1.0 


VCC-2.0 


UNITS TEST CONDITIONS 
pA 10 = OmA, VI = VCC or GND, 
VCC = §.5V 
hae E = 1MHz, IO = OmA, VCC = 5.5V, 


VI = VCC or GND, W = GND, 


VCC = 2.0V, IO = OmA, VI = VCC or 


GND, E = VCC 


pA 
2 een 


+1.0 
+1.0 


VCC+0.3 


VCC = §.5V 
lO = 1.6mA, VCC = 4.5V 
IO = -0.4mA, VCC = 4.5V 


TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 


1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 
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CMOS MEMORY 


Specifications HM-6551 


AC Electrical Specifications VCC = 5V + 10%; T, = -40°C to +85°C (HM-6551B-9, HM-6551-9) 


LIMITS . 
HM-6551B-9 
PARAMETER 
(2) TAVQV Address Access Time 
(3) TS1LQX Chip Select 1 Output Enable Time 
2 
2 


TEST 
CONDITIONS 


UNITS 


SYMBOL 


| (Notes 1,3) | 


1) 
Oo 
Oo 


220 (Notes 1, 3, 4) 
150 (Notes 2, 3) 
(Notes 2, 3) 

1 


2 
3 


oOo 


(Notes 2, 3) 


io) 
oS 
© 


(Notes 1, 3) 


(6) TELEH Chip Enable Pulse Negative Width 2 
(7) TEHEL Chip Enable Pulse Positive Width 


~-* 
© 
© 


- (Notes 1, 3) 
(Notes 1, 3) 


(5) TS1HQZ Chip Select 1 Output Disable Time 
(8) TAVEL Address Setup Time 


(Notes 1, 3) 


(9) TS2LEL Chip Select 2 Output Disable Time 


(Notes 1, 3) 
| (Notes 1, 3) 


(14) TWLS1H Chip Select 1 Write Pulse Setup Time 
(15) TWLEH Chip Enable Write Pulse Setup Time 


—_h 
£S)) 
Oo 


(Notes 1, 3) 


| (Notes 1, 3) 


180 (Notes 1, 3) 


Z 180 (Notes 1, 3) 


(Notes 1, 3) 


NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


(1) TELQV Chip Enable Access Time 
(4) TWLQZ Write Enable Output Disable Time 


0 
0 (Notes 1, 3) 
| (Notes 1, 3) 


400 (Notes 1, 3) 
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HM-6551 


Timing Waveforms 
READ CYCLE 


(8) taver TELAXem| (10) 


BOOK _L VALE IRS S555 CSSD) 


{7) 


TEHEL 


LS) 


=F. VV VaVa'?. 


(8) TAVEL: 


DPKG 


W HIGH 


TIME | | | | | | | 
REFERENCE 


-1 0 1 


2 3 4 5 


TRUTH TABLE 


TIME 
REFERENCE 


The HM-6551 Read Cycle is initiated by the falling edge of E. 
This signal latches the input address word and $2 into on 
chip registers providing the minimum setup and hold times 
are met. After the required hold time, these inputs may 
change state without affecting device operation. S2 acts as a 
high order address and simplifies decoding. For the output to 
be read, E, S1 must be low and W must be high. $2 must 
have been latched low on the falling edge of E. The output 


| INPUTS OUTPUTS 


FUNCTION 


Addresses and S2 are Latched, 
Cycle Begins 


Output Enabled but Undefined 
Data Output Valid 


Outputs Latched, Valid Data, 
S2 Unlatches 


Prepare for Next Cycle 

(Same as -1) 

Cycle Ends, Next Cycle Begins 
(Same as 0) 


data will be valid at access time (TELQV). The HM-6551 has 
output data latches that are controlled by E. On the rising 
edge of E _the present data is latched and remains in that 
state until E falls. Also on the rising edge of E, S2 unlatches 
and controls the outputs along with S1. Either or both Si or 
$2 may be used to force the output buffers into a high 
impedance state. 
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CMOS MEMORY 


HM-6551 


Timing Waveforms (Continued) 


2 2 8) 
WRITE CYCLE hal rd 
MK SERRSSN 0 Se 0 (Tino ROO OOK SOK _|NEXT 


TEHEL 


ave 
5559. | keRe 


“ 
sl 


(17) 
CLLLLL Or WY 


=| 


| (16) 
8 LLLLLL LSS 


OOOO OOD 


(9) 
TS2LEL 


SXXKR 


-@.@.D.@ . GNF. 


twuox (13} 


(14) SII IS 


TIME } t } t ) 
REFERENCE 


“1 0 1 


2 3 4 ) 


TRUTH TABLE 


TIME 
REFERENCE 


aE 
ee 


In the Write Cycle the falling edge of E latches the 
addresses and S2 into on chip registers. S2 must be latched 
in the low state to enable the device. The write portion of the 
cycle is defined as E, _W, $7 being low and S2 being latched 
simultaneously. The W line may go low at any time during 
the cycle providing that the write pulse setup times (TWLEH 
and TWLS1H) are met. The write portion of the cycle is ter- 
minated on the first rising edge of either E, W, or S1. 


Ifa series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and_hold times 
must be referenced to the first rising edge of E or $1. By 


Test Load Circuit 


DUT ¢ 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


INPUTS OUTPUTS 


Seebassevveconvscooseosae 


FUNCTION 


Memory Disabled 


Cycle Begins, Addresses and S2 
are Latched, 


ae ae Write Period Begins 
[ae Data In is Written 


Write is Completed 
Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


positioning the write pulse at different times within the E and 
S1 low time (TELEH), various types of write cycles may be 
performed. If the S1 low time (TS1LS1H) is greater than the 
W pulse plus an output enable time (TS1LQX), a combina- 
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 


The HM-6551 may be used on a common I/O bus structure by 
tying the input and output pins together. The multiplexing is 
accomplished internally by the W line. In the write cycle, when 
W goes low, the output buffers are forced to a high impedance 
state. One output disable time delay (TWLQZ) must be 
allowed before applying input data to the bus. 


DOCCOHOOOSERORSESOODLOODEHHSOSEPESESOLOHEUEOHEEROS SETTLED OHOEDES 
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HM-655 1/883 


256 x 4 CMOS RAM 


a SEMICONDUCTOR 
January 1992 


Features Description 


This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


The HM-655 1/883 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous cir- 
cuit design techniques are employed to achieve high perfor- 


mance and low power operation. On chip latches are 


or ROM, POW GE SRNEDY vrs ce veae eraser sr Suir em: provided for address and data outputs allowing efficient 

¢ Low Power Operation ............. 20mW/MHz Max. interfacing with microprocessor systems. The data output 
Fast A Ti buffers can be forced to a high impedance state for use in 

¢ Fast Access Time. ...........ccccceees 220ns Max. expanded memory arrays. 

¢ Data Retention .....................-. @2.0VMin. = the HM-6551/883 is a fully static RAM and may be main- 


tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 


¢ TTL Compatible Input/Output 

e High Output Drive — 1 TTL Load 
internal Latched Chip Select 

¢ High Noise Immunity 

On-Chip Address Register 

e Latched Outputs 

Three-State Output 


Pinout Functional Diagram 


HM1-655 1/883 (CERAMIC DIP) 
TOP VIEW 


IVY: 
Al O—1 LATCHED 
A5 O—4 ADDRESS peal 


AGC REGISTER 


A7 
> 

‘a 4a Ae Xe, or 

DO Cc Fi 2 
p10 | GATED COLUMN = 
co | : 

03 ¢ ip © 


LATCHED ADDRESS 


REGISTER 


Address Input 
Chip Enable 


| PIN | DESCRIPTION 
Ww Write Enable 


rte ee ue ALL LINES POSITIVE LOGIC-ACTIVE HIGH 
ce ie 
Chip Select Q LATCHES ON RISING EDGE OF L _— ne? Guecut ACTIVE 
ADDRESS LATCHES AND GATED DECODERS: DATA LATCHES: 
Data Input LATCH ON FALLING EDGE OF E LHIGH—— Q=D 
GATE ON FALLING EDGE OF E Q LATCHES ON FALLING EDGE OF L 


Data Output 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
Copyright © Harris Corporation 1992 6-85 


File Number 2988 


Specifications HM-6551/883 


Absolute Maximum Ratings __ Reliability Information 


SUPDIY VONAGE 65:55 64 das ect ines ead eaetaeewneees +7.0V Thermal Resistance 8; LPs 
Input, Output or /O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 60°C/W 15°C/W 
Storage Temperature Range ................. -65°C to +150°C + Maximum Package Power Dissipation at +125°C 

Junction Temperature. .... 6... c cece eee cence cence: +175°C = Ceramic DIP Package .......... 0 ccc cecececaceeeees 0.83W 
Lead Temperature (Soldering 10s)..............+.+06. +300°C Gate Count ........ cc ccc cece cece eee eeececeeees 1930 Gates 
ESD Classification: 2.5 oscs-ckwne do ele ees dae h ns eaekes Class 1 - | 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range............ceeceeeee +4.5V to +5.5V = Input High Voltage... ............. 2. eee ....-VCC-2.0V to VCC 
Operating Temperature Range....... iasen as ~55°C to +125°C + = Input Rise and Fall Time............. i waad dunnamatis 40ns Max. 
INDUt LOW VONGQ6 i). iiicad we tsicana si ieawawaces OV to +0.8V . 


TABLE 1. HM-6551/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
TEMPERATURE | MIN | 
55°C < Ty < +125°C ae 
55°C < Ty < +125°C bed 
55°C < Ty $ +125°C eat 
-55°C < Ty < +125°C 


2.4 
55°C < Ty < +125°C 3 


Device Guaranteed and 100% Tested 


GROUP A 
SUBGROUPS 


(NOTE 1) 
CONDITIONS 


Output Low Voltage VOL VCC = 4.5V 
IOL = 1.6mA 
Output High Voltage VOH VCC = 4.5V 
IOH = -0.4mA 
Input Leakage Current VCC = 5.5V, 
VI = GND or VCC 
Output Leakage 
Current 


Data Retention Supply 
Current 


UNITS 


0.4 
" : kon 
+1.0 | 


VCC = 2.0V, E = VCC 
10 = OmA, 
Vi = VCC or GND 


pA 


VCC = 5.5V, (Note 2) 


E = 1MHz, |O =OmA 
Vi = VCC or GND 


Operating Supply 


-55°C < Ty < +125°C 
Current : 


VCC = 5.5V, 
10 =0mA 
VI = VCC or GND 


Standby Supply 55°C < Ty 5 +125°C 


Current: 


V 
V 
pA 
pA 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 


_CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 2. HM-6551/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
LIMITS 


HM-6551B/883 | HM-6551/883 
PARAMETER SYMBOL TEMPERATURE 


Chip Enable (1) TELQV -55°C $ Ta S$ +125°C 
Access Time 


GROUPA 
(NOTES 1, 2) SUB- 
CONDITIONS |} GROUPS 


VCC =4.5 and 
5.5V 


Address Access (2) TAVQV VCC =4.5and | 9,10, 11 | -55°C s Ty < +125°C 
Time 5.5V, Note3 |. 


VCC =4.5 and 
5.5V 


VCC =4.5and | 9, 10, 11 


Chip Select 1 
Output Enable 


(3) TS1LQX -55°C < Ty $ +125°C 


Time 


Write Enable 
Output Disable 
Time 


Chip Select 1 
Output Disable 
Time 


Chip Enable Pulse 


vCC =4.5and |} 9, 10, 11 
5.5V 
Negative Width 


(4) TWLQZ -55°C < Ty $ +125°C 


5.5V 


(5) TS1HQZ -55°C < Ty < +125°C 


(6) TELEH | VCC=4.5and | 9, 10,11 | -55°C < Ty < +125°C 
5.5V 

Chip Enable Pulse | (7) TEHEL |VCC=4.5and | 9, 10,11 | -55°C <T,<+125°C 
Positive Width 5.5V 


Address Hold Time 


Chip Select 2 Hold 
Time 


-55°C < Ty < +125°C 


Setup Time 

(10) TELAX VCC =4.5and | 9, 10,11 | -55°C < TT, <+125°C 
5.5V 

(11) TELS2X | VCC=4.5and 
5.5V 


©) 


Data Setup Time -55°C < Ty, $ +125° 


Chip Select 2 (9) TS2LEL | VCC=4.5and laa 55°C < Ty $ +125°C 
5.5V 


(12) TDOVWH | VCC=4.5and 
5.5V 

(13) TwHDX | vcC=4.5and 
5.5V 

(14) TWLSIH | VCC=4.5and Ce 55°C < Ty < +125°C 
5.5V 


Data Hold Time -55°C < Ty $ +125°C 


Chip Select 1 Write 
Pulse Setup Time 


180 


(15) TWLEH vCC=4.5and | 9, 10,11 | -55°C < Ty < +125°C 
5.5V 
(16) TSILWH | VCC=4.5and | 9, 10,11 | -55°C <T,<+125°C [| 120 
5.5V 
(17) TELWH VCC =4.5 and ~55°C < Ty $ +125°C 
5.5V 
(18) TWLWH | VCC=4.5and | 9, 10,11 | -55°C < Ty < +125°C 
5.5V 
(19) TELEL VCC =4.5 and -55°C < Tas +125°C | 320 
Cycle Time 5.5V 
NOTES: 


1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); input and output timing reference level: 1.5V; Output load: 
IOL = 1.6mA, IOH = -0.4mA, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


Chip Enable Write 
Pulse Setup Time 


> 
fa 
Oo 
= 
Lud 
= 
” 
O 
= 
O 


Address Setup (8) TAVEL VCC = 4.5 and -55°C < Ty < +125°C 
Time 5.5V 


Chip Select 1 Write 
Pulse Hold Time 


Chip Enable Write 
Pulse Hold Time 


Write Enable Pulse 
Width 


Read or Write 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 3. HM-6551B/883 AND HM-6551/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE poMiN | MAX UNITS 
Input Capacitance Cl VCC = Open, f = 1MHz, All Ty = +25°C 
. Measurements Referenced 
| to Device Ground ; 
VCC = Open, f = 1MHz, All T, = 425°C aiid 
NOTE: 


Measurements Referenced 
to Device Ground 

1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 

process and/or design changes. 


Output Capacitance 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD SUBGROUPS 


es oe 
ee 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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HM-655 1/883 


Timing Waveforms 
READ CYCLE 


(8) raver TELAXee| (10) 


® COOOQQOOOIIR [VALID RS SSRI 


(7) 


SOIREE 


TEHEL 
- mn 
: (9) 
TS2LEL 
FB SSSR ay. xx 


(8) raven 
NEXT 


< 
(7 


\/ \/ 


© KIKI 


ON ON AN 2 DP .@ 


6 


(3) ts110x 
31 


ns —_'™ —-_-_ oe c= O_™—¥_™ 
TIME | | | | | | | 
REFERENCE 


-1 0 


2 3 4 5 


TRUTH TABLE 


TIME 
REFERENCE 


acs 
aa 


The HM-655 1/883 Read Cycle is initiated by the falling edge 
of E. This signal latches the input address word and S2 into 
on chip registers providing the minimum setup and hold 
times are met. After the required hold time, these inputs may 
change state without affecting device operation. S2 acts as a 
high order address and simplifies decoding. For the output to 
be read, E, S1 must be low and W must be high. S2 must 
have been latched low on the falling edge of E. The output 


. 


2 


INPUTS OUTPUTS 
Peps Pe Pw ta toe FUNCTION 


pepe payee] 
L 4 H X X V Outputs Latched, Valid Data, 
S2 Unlatches 
Sit G2ae ae 
SIRS ILI 


Output Enabled but Undefined 
Data Output Valid 


Addresses and S2 are Latched, 
Cycle Begins 


Prepare for Next Cycle 
(Same as -1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


data will be valid at access time (TELQV). The HM-655 1/883 
has output data latches that are controlled by E. On the ris- 
ing edge of E the present data is latched and_remains in that 
state until E falls. Also on the rising edge of E, S2 unlatches 
and controls the outputs along with S1. Either or both S1 or 
S2 may be used to force the output buffers into a high 
impedance state. 
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CMOS MEMORY 


HM-655 1/883 


Timing Waveforms (continued) 


WRITE CYCLE = 19} am 
A RRR OK | VAUD ROSS SOKO DK _ |NEXT 


TEHEL 


TELS2Xx 
et 


BF OOOS%S 


\/ 


DKS 


=| 


(16) TS1LWH 


8 LLLLLLLWMSs 


a” 
= 


(9) 


TS2LEL 


CLAS Nk CECE ELS, NOON 


{17} poe Leb rwHox [13] 
= re 


TWLWH 


(ta). I SSI. IS 


TIME eee eee erence Ce Leen, eae | 
REFERENCE 


-1 t) 1 


2 3 i 4 5 


TRUTH TABLE 


TIME 


FUNCTION 


Ce eee ee Se a ee ee ee 


In the Write Cycle the falling edge of E latches the 
addresses and S2 into on chip registers. S2 must be latched 
in the low state to enable the device. The write portion of the 
~ cycle is defined as E, _W, Si being low and S2 being latched 
simultaneously. The W line may go low at any time during 
the cycle providing that the write pulse setup times (TWLEH 
and TWLS1H) are met. The write portion of the cycle is ter- 
minated on the first rising edge of either E, W, or S1. 


Ifa series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and_hold_times 
must be referenced to the first rising edge of E or S1. By 


Test Load Circuit 


DUT ¢ 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


Cycle Begins, Addresses and S2 
are Latched, 


= oe eel 
[2 [ata inis wen 
[2 | witeis Conpictea __——_—| 
[2 | Prepare or Now Oye (Same 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


positioning the write pulse at different times within the E and 
S1 low time (TELEH), various types of write cycles may be 
performed. If the S71 low time (TS1LS1H) is greater than the 
W pulse plus an output enable tine (TS1LQX), a combina- 
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 


The HM-6551/883 may be used on a common I/O bus struc- 
ture by tying the input and output pins together. The multiplex- 
ing is accomplished internally by the W line. In the write cycle, 
when W goes low, the output buffers are forced to a high 
impedance state. One output disable time delay (TWLQZ) 
must be allowed before applying input data to the bus. 


SEOCORESCSETSELALOLESTOCHAHOOUOHRDCEOEOSOTSEHSHOOEROLEOHEENE oo 


Burn-in Circuit 


vcc 
C1 
F7 | 1} A3 
F6 |2 | a2 Fe 
F5 | 3 | At F2 
F4 | 4 | Ao Si FO 
F9 15 | AS FO 
F10 | 6 | AG FI 
Fit F3 
5 | 8 | GND F3 
F3 | 9 | Do F3 
F3 10} Qo F3 
F3 11} 01 F3 
NOTES: 
All resistors 47kQ + 5% 
FO = 100kHz + 10% 
Fi =FO+2,F2=F1+2,F3=F2+2...F12=F11+2 
VCC = §.5V + 0.5V 
VIH = 4.5V + 10% 
VIL = -0.2V to +0.4V 
C1 = 0.01pF Min. 
Packaging 
22 PIN CERAMIC DIP 
1.055 
1.085 
| | 375 
005 MIN [~ “395 | 
1 
225 MAX 
1 ane 
—- 
.060 420 . 
125 080 MAX ~~/L__ .008 * 1S 
180 ‘ 100 .015 
elk BSC 
.023 
.050 * 
065 * INCREASE MAX LIMIT BY .GO3 INCHES 
MEASURED AT CENTER OF FLAT FOR 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are — Dimensions are in inches. 
ax 


HM-655 1/883 


HM-6551/883 CERAMIC DIP 


SOLDER FINISH 


COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T22 
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Q3 D3 


HM-6551/883 


HM-655 1/883 


460°C (Max) 


WORST CASE CURRENT DENSITY: 


(10 seconds soldering): 


A+2kA 
A+1kA 


Material: Gold Silicon Eutectic Alloy 


1382 x 160 x 19 + Imils 
METALLIZATION: 
Thickness: 8k 
DIE ATTACH: 
Temperature: Ceramic DIP 
1.337 x 10° A/cm? 
LEAD TEMPERATURE 
<300°C 


Thickness: 11k 
Type: SiO», 


GLASSIVATION: 


Type: Si - Al 
Metallization Mask Layout 


Metallization Topology 


DIE DIMENSIONS: 


“ry 


[Paes 1 aly 
=I 


—— — ae et ee 


| iat (—t- 2 YE RR ee ee 
SS eee 


i, Oe a Oe ee Oe ee ee es ee “MEM UM Ewe xM ERM Pw Ee a H 


GIB.GIE.GIBS (SA (SIE 25 leAsitrAs (PASI SIE BRIRGIBE PAS 3X6 2 


ee 


i—setS a 
=v 


Sis eo 


Abra 


| 
a B | Sno DC OCC ee DoD DebencDbeDcL: 


NOTE: Pin Numbers Correspond to DIP Package Only. 
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FARRIS 


SEMICONDUCTOR 


1H 


February 1992 


HM-6567 


256 x 4 CMOS RAM 


The HM-6561 is a 256 x 4 static CMOS RAM fabricated using 
self-aligned silicon gate technology. Synchronous circuit design 
techniques are employed to achieve high performance and low 


Features Description 
e Low Power Standby............0ceee00: 50y.W Max. 

¢ Low Power Operation ............. 20mW/MHz Max. 

e Fast Access Time. .............ccceees 200ns Max. power operation. 
¢ Data Retention......... ee ee @ 2.0V Min. 


TTL Compatible Input/Output 
High Output Drive - 1 TTL Load 
On-Chip Address Registers 
Common Data In/Out 
Three-State Output 


On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. The 
data output buffers can be forced to a high impedance state for 
use in expanded memory arrays. The data inputs and outputs 
are multiplexed internally for common I/O bus compatibility. 


The HM-6561 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention supply 


voltage and supply current are guaranteed over temperature. 
¢ Easy Microprocessor Interfacing 


Ordering Information 


[PACKAGE | TEMPERATURERANGE | 22008 | 0000 _— 
Plastic DIP -40°C to +85°C HM3-6561B-9 | HM3-6561-9 | 


Ceramic DIP -40°C to +85°C HM1-6561B-9 | HM1-6561-9 | 
* 1883 -55°C to +125°C HM1-6561B/883 | _HM1-6561/883 


* Respective /883 specifications are included at the end of this data sheet. 


Pinout Functional Diagram 
18 LEAD DIP ane 
TOP VIEW Ac GATED 
ASC ROW 
Ag C DECODER 
A7 © 


GATED COLUMN 
DECODER 
AND DATA1/0O 


CMOS MEMORY 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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LATCHED ADDRESS 
REGISTER 


=I 


2121 mm 
e 


ALL LINES POSITIVE LOGIC-ACTIVE HIGH 
THREE-STATE BUFFERS: 

AHIGH—=— OUTPUT ACTIVE 
DATA LATCHES: 

LHIGH—~ Q<D 

Q LATCHES ON FALLING EDGE OF L 


ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF_E 
GATE ON FALLING EDGE OF E 


File Number 2991 


Specifications HM-6561 


Absolute Maximum Ratings 


SUDDIY VONAGO: 2.5 45. eccki4e me en se 4 Goa Pee eee. +7.0V 
Input or Output Voltage................ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. ~65°C to +150°C 
Junction Temperature... 0... cece ce cece cece eees +175°C 
Lead Temperature (Soldering 10s).................00- +300°C 
ESD Classification ............. A she ainas eee eee Class 1 


Reliability Information 
Thermal Resistance 6; Gi 


Ceramic DIP Package............. 74°C/W 18°C/W 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package .......... ccc cece ewe e cece ence 0.68W 
Gate Cou sy5 7 si3 4 5c ddaka wee saws hasan 1944 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range............. Cnies ie Sees +4.5V to +5.5V 


Operating Temperature Range 
HM-6561B-9, HM6561-9............ 0. eee eee -40°C to +85°C 


DC Electrical Specifications VCC = 5V + 10%; Ty = -40°C to +85°C (HM-6561B-9, HM-6561-9) 


PARAMETER 


VCCDR Data Retention Supply Voltage 
Po | input Leakage Current 


TEST CONDITIONS 


1O = OmA, VI = VCC or GND, _ 


E = 1MHz, IO = OmA, VCC = 5.5V, 
Vi = VCC or GND, W = GND, 


VCC = 2.0V, IO = OMA, VI = VCC or 
GND, E = VCC 


Vi = VCC or GND, VCC = 5.5V 


| oz | Input/Output Leakage Current | 0 | ato | BA | VIO = VCC or GND, VCC = 5.5V 


VIL Input Low Voltage | 03 | 


VIH Input High Voltage 


Output High Voltage 


VCC = 4.5V 
VCC = 5.5V 
10 = 1.6mA, VCC = 4.5V 


IO = -0.4mA, VCC = 5.5V | 
TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 


NOTES: 
1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 
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AC Electrical Specifications Vcc = 5v + 10%; T, = -40°C to +85°C (HM-6561B-9, HM-6561-9) 


LIMITS 


HM-6561B-9 


(15) TELWH Chip Enable Write Pulse Hold Time (Notes 1, 3) 


(16) TWLWH Write Enable Pulse Width (Notes 1, 3) 


(17) TELEL (Notes 1, 3) 


Read or Write Cycle Time 


SYMBOL PARAMETER | MIN | MAX | | MIN: | MAX CONDITIONS 
a er 
Og cer 
Se 
ee ee 
a 
Creo [ nee ei 
Te Tae oe setew we ow fm 
[mine om 
Civ | weoaneortinn a mo 
ee 
Tw [oe brew vw [wm 
| (15) TELWH | Chip Enable Write Pulse Hold Time {120 | - | 120 | - [ns | (Notes 1,3) 
16) TWLWH | WriteEnable Pulse with | 20 || 180 | ns 
7 TeLeL | Readorwrte cycle tims 320 || 400 | | os 


NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


CMOS MEMORY 
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HM-6561 


Timing Waveforms 


READ CYCLE 
(7) yaver TeLax be (8) (7) raver 
WS SSSA | YALIO OKO 55 OOOO 
(6) 


TEMEL 


aq 
HIGH if 


$1, $2 


TER 7) 


TEHEL 


TIME | | | | | 
REFERENCE 


-1 9 


2 3 4 5 


TRUTH TABLE 


FUNCTION 


rn ia 


Output Enabled 


Output Valid 


Crip aha 


Device Disabled, Prepare for Next Cycle (Same as -1) 


NOTE: 1. Device selected only if both ST and S2 are low, and deselected if either ST or S2 are high 


The HM-6561 Read Cycle is initiated on the falling edge of 
E. This signal latches the input address word into on chip 
registers. Minimum address setup and hold times must be 
met. After the required hold time, the address lines may 
change state without affecting device operation. In order to 
read the output data E, ST and $2 must be low and W 
must be high. The output data will be valid at access time 
(TELQV). 


The HM-6561 has output data latches that are controlled 
by E. On the rising edge of E the present data is latched 
and remains latched until E falls. Either or both ST or $2 
may be used to force the output buffers into a high imped- 
ance state. 
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HM-6561 


Timing Waveforms (Continued) 
WRITE CYCLE 


(7) TaveL TELAX (8) 


(7) Tavet 


BOOP | VALOR ODD OOK NEXT 


CS 
(17) 
TEHEL 
: (6) (6) 


(15) 


CO/III1/7/4 IWS 
(11 


) 
TWLOV. 


(13) 
ALLLLLLLLLLI KKDW»iOh/_WS 


(9) mits) 


00 OO OOOOOOOO OOD OOK __ VALID ATA | ROSSER 
1 


( 


TSstw 


OL MMIUAW&™WSUNX _ CLLLLLLILLLUI.D.'W’)DMiN 


~1 (+) 1 


2 3 4 5 


TRUTH TABLE 


The write cycle begins with the E falling edge latching the 
address. The write portion of the cycle is defined by E, S1, 
S2 and W all being low simultaneously. The write portion of 
the cycle is terminated by the first rising edge of any control 
line, E, S1, S2 or W. The data setup and data hold times 
(TOVWH and TWHDX) must be referenced to the terminat- 
ing signal. For example, if S2 rises first, data setup and hold 
times become TDVS2H and TS2HDX; and are numerically 
equal to TDVWH and TWHDX. 


Data input/output multiplexing is controlled by W. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 


Case 1: Both S1 and S2 Fall Before W Falls. 


If both selects fall before W falls, the RAM outputs will 
become enabled. W is used to disable the outputs, so a dis- 
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWLSL + 
TSHWH are meaningless and can be ignored. 


Case 2: W Falls Before Both S17 and S2 Fall. 


FUNCTION 


Cycle Begins, Addresses are Latched 


Write Period Begins 


NOTE: 1. Device selected only if both $1 and S2 are low, and deselected if either S1 or S2 are high 


lf one or both selects are high until W falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be applied as early as 
convenient, and TWLDV is ignored. Since W is not used to 
disable the outputs it can be shorter than in Case 1; TWLWH 
is the minimum write pulse. At the end of the write period, if 
W rises before either select the outputs will enable, reading 
data just written. They will not disable until either select goes 
high (TSHQZ). 


[[ Jeasenve | icnone 


CASE1 | BothStandS2=Low | TWLOQZ | TWLWH 
TWLDV 
TDVWH 


Before W = Low 
CASE2 |W -=Low Before Both TWLWH | TWLOZ 
S1 and S2 = Low TOVWH TWLDV 
lta series of consecutive write cycles are to be performed, 
W may remain low until all desired locations are written. This 


is an extension of Case 2. 


Read-Modify-Write cycles and Read-Write-Read cycles can 
be performed (extension of Case 1). In fact data may be 
modified as many times as desired with E remaining low. 
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Barns HM-6561/883 


_ February 1992 | | 256 x 4 CMOS RAM 


Features 


° This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Power Standby...........cecceeee. 50uW Max. 
¢ Low Power Operation ............. 20mW/MHz Max. 
e Fast Access Time. .............2 02000 200ns Max. 
¢ Data Retention ......... ccc ee eee wees @ 2.0V Min. 


e TTL Compatible Input/Output 
High Output Drive - 1 TTL Load 

_ © On-Chip Address Registers 

¢ Common Data In/Out 
Three-State Output 

Easy Microprocessor Interfacing 


Description 


The HM-656 1/883 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high per- 
formance and low power operation. 


On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. The data inputs 
and outputs are multiplexed internally for common I/O bus 
compatibility. 


The HM-6561/883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 


Pinout Functional Diagram 


HM1-6561/883 (CERAMIC DIP) 
TOP VIEW ee 


> 
a 
0000 C0 


[ee | osscnron 
Ta [pare 
TE [oween 
a [mic ee 
ex 
oo 


a1 2 mi 
i VAV, 


Chip Select 
Data In/Out | : 


LATCHED 
ADDRESS 32 x 32 
REGISTER 


MATRIX 
redleeds ers = CEE 


GATED COLUMN 
DECODER 
AND DATAI/O 


ALL LINES POSITIVE LOGIC-ACTIVE HIGH 


THREE-STATE BUFFERS: 
AHIGH—=— OUTPUT ACTIVE 


DATA LATCHES: 
LHIGH—~ Q=D 
Q LATCHES ON FALLING EDGE OF L 


ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF | 
GATE ON FALLING EDGE OF E 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |!.C. Handling Procedures. File Number 2990 
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Specifications HM-6561/883 


Absolute Maximum Ratings 


SUDDIY VONAGG 5.060 eee ess Sime hwiwe sg sie wee eR +7.0V 
Input or Output Voltage................ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... . 0... ce cc ce eens +175°C 
Lead Temperature (Soldering 10s)..............00000: +300°C 
ESD Classification ...... 0... cee ce ee eet Class 1 


Reliability Information 


Thermal Resistance 8; Bic 
Ceramic DIP Package............. 74°CIW 18°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package .......... cece cee ee eee eee 0.68W 
Gale Count i055 tudiin eeeony hanes ear ene Ns 1944 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................006- +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
Input Low Voltage... 2... cee cee eee eee OV to +0.8V 


Input High Voltage... 2.2... eee eee eee VCC - 2.0V to VCC 
Input Rise and Fall Time... .. 2.2... cece eee eee 40ns Max 


TABLE 1. HM-6561/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
(NOTE 1) 


PARAMETER SYMBOL CONDITIONS 
Output Low Voltage VOL VCC = 4.5V, 
IOL = 1.6mA 
Output High Voltage VOH VCC = 4.5V, 
IOH = -0.4mA 
Input Leakage Current VCC = 5.5V, 
Vi = GND or VCC 
Input/Output Leakage Current OZ VCC = 5.5V, 


ViO = GND or 
Data Retention Supply Current ICCDR 


VCC 


VCC = 2.0V, 
E=VCC, 
IO = OmA, 


Operating Supply Current ICCOP VCC = 5.5V, 
(Note 2), 
E = 1MHz, 
W = GND, 
Vl = VCC or GND 


Standby Supply Current VCC = 5.5V, 
10 = OmA, 


Vi = VCC or GND 


ICCSB 
NOTES: 


1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in |tCCOP. 


LIMITS 
GROUP A 
SUBGROUPS TEMPERATURE UNITS 


a 55°C < Ty < +125°C 


-55°C < Ty < +125°C 


-55°C < Ty S$ +125°C 


V 
V 
“ 
iy 


Pani 


-§5°C S$ Ta S$ +125°C 


-55°C < Ta < +125°C ie 


> 


-55°C < Ty S$ +125°C 


-55°C < Ty $ +125°C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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CMOS MEMORY 


Specifications HM-6561/883 


TABLE 2. HM-6561/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
HM-6561/883 
TEMPERATURE 


PARAMETER SYMBOL 
“55°C < Ty S$ +125°C 


Chip Enable (1) TELQV 
Access Time 


GROUP A 
SUB- 
GROUPS 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5 and 
5.5V 

Address Access (2) TAVQV | VCC =4.5 and 9,10,11 | -55°C <T, $ +125°C 
Time 5.5V, (Note 3) 


Chip Select (3) TSLQX | VCC =4.5 and -55°C < Ty $ +125°C 
Output Enable 
Time 


UNITS 


Chip Select 
Output Disable 
Time 


Chip Enable Pulse 
Negative Width 


(4) TSHQZ | VCC =4.5 and 


(5) TELEH | VCC =4.5 and 
5.5V 

Chip Enable Pulse (6) TEHEL | VCC =4.5 and 9, 10, 11 -55°C < Ty $ +125°C 

Positive Width 5.5V 

Address Setup (7) TAVEL | VCC =4.5 and 9,10,11 | -55°C <T, $+125°C 

Time 5.5V 

Address Hold Time (8) TELAX | VCC =4.5 and 9, 10, 11 -55°C < Ty $ +125°C 

5.5V 

Lae 
ms 


-55°C $ Ty $ +125°C 


-55°C < Ty $ +125°C 


Z 


Write Data Delay (11) TWLOV | VCC =4.5 and 9,10,11 | -55°C s Ty $+125°C 
Time 5.5V 
Chip Select Write (12) TWLSH | VCC =4.5 and -55°C < Ty S$ +125°C 
Pulse Setup Time 5.5V 
Chip Enable Write | (13) TWLEH | VCC =4.5 and 9,10,11 | -55°C sT,$+125°C 
Pulse Setup Time 5.5V 
Chip Select Write (14) TSLWH | VCC =4.5 and -58°C $ Ty $ +125°C 
Pulse Hold Time 5.5V 
Chip Enable Write | (15) TELWH | VCC =4.5 and -55°C < Ty $ +125°C 
Pulse Hold Time 5.5V 
Write Enable Pulse | (16) TWLWH | VCC =4.5 and 9,10,11 | -55°C <s Ty $ +125°C 
Width 5.5V 
Read or Write (17) TELEL | VCC =4.5 and 9,10,11 | -55°C < Ty, <$ +125°C 
Cycle Time 5.5V 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
IOL = 1.6mA, IOH = -0.4mA, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


Data Setup Time (9) TOVWH | VCC = 4.5 and 9,10,11 | -55°C<T,$+125°C 
| 5.5V | 
Data Hold Time (10) TWHDX | VCC = 4.5 and -55°C < Ty $ +125°C 
5.5V 


= ~ 
jes] or 
Oo o 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications HM-6561/883 


TABLE 3. HM-6561/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
SYMBOL PARAMETER CONDITIONS NOTE | TEMPERATURE poMIN, | MAX. 
Cl 


Input Capacitance VCC = Open, f = 1MHz, 
All Measurements 
Referenced to Device 
Ground 


Output Capacitance | VCC = Open, f = 1MHz, 
All Measurements 
Referenced to Device 
Ground 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


a 


Test Load Circuit 
> 
ta 
e) 
= 
= 
DUT ¢ = 
© 
= 
© 
@ 1OL 
* TEST HEAD 
CAPACITANCE, 
ps pest ene i EQUIVALENT CIRCUIT 


r . 
FP OOCOSHEDSOTROOOOSHOOOERSOSOSEEEOSEEATOLOSOOTSESSOTEESOEOSSETOSESEDASOOEEROEEHESSODHONS COS 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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HM-656 1/883 


Timing Waveforms 
READ CYCLE 


xx VALID DATA LATCHED 


¢, 
a ©, 


(4) 


TSHQZ 


TIME a a a ee 
REFERENCE 


1 0 1 


2 3 4 5 


TRUTH TABLE 


FUNCTION 


NOTE: 1. Device selected only if both ST and S2 are low, and deselected if either ST or S2 are high 


The HM-6561/883 Read Cycle is initiated on the falling 
edge of E. This signal latches the input address word into 
on chip registers. Minimum address setup and hold times 
must be met. After the required hold time, the address 
lines may change state without affecting device operation. 
In order to read the output data E, ST and S2 must be low 
and W must be high. The output data will be valid at 
access time (TELQV). 


The HM-6561/883 has output data latches that are con- 
trolied by E. On the rising edge of E the present data is 
latched and remains latched until E falls. Either or both ST 
or S2 may be used to force the output buffers into a high 
impedance state. 
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HM-656 1/883 


Timing Waveforms (Continued) 
WRITE CYCLE 


7 


(7) TAVEL TELAX (8) 


(7) TAVEL 
OOOO OPO DOOOK_ |NEXT 


« EEKKKIOK Le KERR 
(17) 
a (6) (6) 


s| 


(13) 
(15) 


rwiov "oN we 
00 OOK VALID BATA | OOS 
cee 
TWLSH 
TU UHUDO0X0WN me) (LLLLLLLLEWQiiON 
REFERENCE : : i ! ! ! 
TRUTH TABLE 


a [ee 
: 
i 


FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 


Data In is Written 
Write is Completed 
Prepare for Next Cycle (Same as -1) | 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 


The write cycle begins with the E falling edge latching the 
address. The write portion of the cycle is defined by E, $1, 
S2 and W all being low simultaneously. The write portion of 
the cycle is terminated by the first rising edge of any control 
line, E, S1, S2 or W. The data setup and data hold times 
(TOVWH and TWHDX) must be referenced to the terminat- 
ing signal. For example, if S2 rises first, data setup and hold 
times become TDVS2H and TS2HDX; and are numerically 
equal to TDVWH and TWHDxX. 


Data input/output multiplexing is controlled by W. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 


Case 1: Both S1 and S2 Fall Before W Falls. 


If both selects fall before W falls, the RAM outputs will 
become enabled. W is used to disable the outputs, so a dis- 
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWLSL + 
TSHWH are meaningless and can be ignored. 


Case 2: W Falls Before Both S1 and S2 Fall. 


If one or both selects are high until W falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be applied as early as 
convenient, and TWLDV is ignored. Since W is not used to 
disable the outputs it can be shorter than in Case 1; TWLWH 
is the minimum write pulse. At the end of the write period, if 
W rises before either select the outputs will enable reading 
data just written. They will not disable until either select goes 
high (TSHQZ). 


ee 


CASE1 |BothStandS2=Low | TWLOQZ | TWLWH 
Before W = Low TWLDV 
TDVWH 


CASE2 | W-=Low Before Both TWLWH | TWLOZ 
S1 and S2 = Low TDVWH | TWLDV 


Ifa series of consecutive write cycles are to be performed, 
W may remain low until all desired locations are written. This 
is an extension of Case 2. 


Read-Modify-Write cycles and Read-Write-Read cycles can 
be performed (extension of Case 1). In fact data may be 
modified as many times as desired with E remaining low. 
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CMOS MEMORY 


HM-6561/883 


Burn-in Circuit 


HM-6561/883 CERAMIC DIP 
VCC oy 

F6 11 | AS 
FS [2 | A2 F7 
F4 FIZ FI 
F3 | 4} Ao FO 
F8 1S | AS F2 
Fg F2 
F10 17 | AT F2 

18 | GND F2 

V 

FO 9 | E FO 


NOTES: 

All resistors 47kQ +5% 

FO = 100kHz 10% 
F1=F0+2,F2=F1+2,F3=F2+2...F1i2=Fii+2 
VCC = 5.5V +0.5V 

VIH = 4.5V +10% 

VIL = -0.2V to +0.4V 

C1 = 0.01pF Min. 


Packaging 
18 PIN CERAMIC DIP 


.882 


.915 
.00S MIN . 


aa ad 
.015 150 MIN 
.060 
125 | .098 MAX 
18 100 
0 016 * a 
023 
050" 
“065 « INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
- SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 


MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are = Dimensions are in inches. 
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HM-656 1/883 


Metallization Topology 


DIE DIMENSIONS: 


132 x 160 x 19 + 1mils 


METALLIZATION: 


A+2kA 


Type: Si - Al 
Thickness: 11k 
GLASSIVATION: 


A+ikA 


Thickness: 8k 


Type: SiO. 
DIE ATTACH: 


Max) 


( 


460°C 


WORST CASE CURRENT DENSITY: 


Material: Gold Silicon Eutectic Alloy 


Temperature: Ceramic DIP 


1.337 x 10° A/cm? 
LEAD TEMPERATURE (10 seconds soldering 


): 


< 300°C 


Metallization Mask Layout 


HM-6561/883 


DQ3.DQ2 


DQ1 


DQO 


so AYOWSW SOND | 


Lect we CT eM Ewe eee Te} ||: 
Don DCC IOC eee BN: 
ene, H 

alae 


Se 


Hey! 


ee ee Sr 


A7 


AS A6 


AO 
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FARRIS 


SEMICONDUCTOR 


aD 


February 1992 


Features 

* Low Power Standby................0.:. 125uW Max. 
¢ Low Power Operation ............. 35mW/MHz Max. 
¢ Data Retention .......... 0... cece eens @2.0V Min. 


¢ TTL Compatible Input/Output 

¢ Three-State Output 

¢ Standard JEDEC Pinout 

e Fast Access Time. ...........-5200- 120/200ns Max. 
18 Pin Package for High Density 

On-Chip Address Register 


Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


e 


HM-6504 


4096 x 1 CMOS RAM 


Description 


The HM-6504 is a 4096 x 1 static CMOS RAM fabricated 
using self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 


On chip latches are provided for addresses, data input and 
data output allowing efficient interfacing with microprocessor 
systems. The data output can be forced to a high impedance 
state for use in expanded memory arrays. 


Gated inputs allow lower operating current and also elimi- 
nate the need for pull up or pull down resistors. The 
HM-6504 is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


Ordering information 


Ceramic DIP 
* /883 
JAN # 
SMD # 


-55°C to +125°C 


Plastic DIP -40°C to +85°C HM3-6504S-9 HM3-6504B-9 HM3-6504-9 
-40°C to +85°C HM1-6504S-9 HM1-6504B-9 


-55°C to +125°C HM1-6504S/883 HM1-6504B/883 HM1-6504/883 
A 


8102401VA 8102403VA 8102405VA 
-40°C to +85°C Tas HM4-6504B-9 HM4-6504-9 


08 


“Respective /883 specifications are included at the end of this data sheet. a 


Pinouts 


18 LEAD DIP 
TOP VIEW 


[| DESCRIPTION 
ee oe 
(| cine 
[—w_| wite Ente 
<a 
<< 


18 LEAD LCC 
TOP VIEW 


© 
: 
AQ 

A10 

A11 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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File Number 2994 


HM-6504 


Functional Diagram 


64 
GATED COLUMN 
1 GECODER AND F-CfL 
ie 
| fe 4 
A 


DDRESS 
REGISTER 


ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: 

A HIGH — OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: 

L LOW>Q=D 

Q LATCHES ON RISING EDGE OF L 
ADDRESS LATCHES: 

LATCH ON FALLING EDGE OF E 
GATED DECODERS: 
GATE ON RISING EDGE OF G 


LSB A11 AS A4 A3 AS A10 
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Specifications HM-6504-9 


Absolute Maximum Ratings 


SUDDIV VOllaGeG:...24-beeces oe nes aaa eee er wawee ves +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................: -65°C to +150°C 
Junction Temperature. .... 0... ccc cee eee eee +175°C 
Lead Temperature (Soldering 10s)................0005 +300°C 
ESD Classification ..<scc 065 s-d05a4 wats ew eared ede ses Class.1 


Reliability Information 
Thermal Resistance .............06- 04 6, 


Ceramic DIP Package............. 66°C/W 12°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Packages ss.i4ec Has oSainc tain os soos 0.75W 
Gale COU is 64.60 SG ea bag Ob esham das eda 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range...... Ee are +4.5V to +5.5V 


Operating Temperature Range 
HM-6504S-9, HM-6504B-9, HM-6504-9 ........ -40°C to +85°C 
HM-6504B-8, HM-6504-8 ..............004. -55°C to +125°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6504B-9, HM-6504-9) 
Ta = -55°C to +125°C (HM-6504B-8, HM-6504-8) 


SYMBOL PARAMETER | 


Standby Supply Current 


HM-6504-9 


ICCSB 
ay 
Current (Note 1) 
ICCDR Data Retention Supply 
a 


oz | Output Leakage Current 
peeeon Input Low Voltage 


Current 


Capacitance T, = +25°C 


SYMBOL PARAMETER 
Input Capacitance (Note 2) 
Output Capacitance (Note 2) 


NOTES: 
1. Typical derating 5mMA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


VCC 


-0.3 
VCC-2.0 


0.4 


nN 
ft 


CT 
TT 


TEST CONDITIONS 


1O = OmA, E = VCC -0.3V, 
VCC = 5.5V 


E = 1MHz, IO = OmA, VI 
VCC = 5.5V 


= GND, 


bige IO = OmA, VCC = 2.0V, E= VCC 


cneceruemsen! 


= 
= 
= 
= [a 
inet a 
ao [ [we 
Te fm 
<a 


f = 1MHz, All measurements are 
referenced to device GND 
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Specifications HM-6504 


AC Electrical Specifications Vcc = 5v + 10%; T, = -40°C to +85°C (HM-6504S-9, HM-6504B-9, HM-6504-9) 
Ts = -55°C to +125°C (HM-6504B-8, HM-6504-8) 


TEST 
SYMBOL PARAMETER CONDITIONS 


(1) TELQV jChip Enable Access Time 
( TAVQV_ | Address Access Time 

( TELQX {Chip Enable Output Enable 
( TEHQZ {Chip Enable Output Disable 


2) 
3) 
4) 
Chip Enable Pulse Negative 
6) 
7) 
(8) 


(Notes 1, 3, 4) 


(Notes 2, 3) 


(Notes 2, 3) 


a9TH 


= 
& 
> 


( TEHEL Chip Enable Pulse Positive (Notes 1, 3) 


(7) TAVEL | Address Setup Time (Notes 1, 3) 
Address Hold Time 
(9) TWLWH [Write Enabie Pulse Width 


(10) TWLEH {Write Enable Pulse Setup 
(11) TWLEL | Early Write Pulse Setup 
Time 


(12) TWHEL | Write EnableRead Mode 
Setup Time 


Early Write Pulse Hold Time 
Data Setup Time 

Early Write Data Setup Ti 
Data Hold Time 

Early Write Data Hold Time 
Read or Write Cycle Time 


NOTES: 


1. input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


= 
& 
Ps 


(Notes 1, 3) 


(Notes 1, 3) 


3 


(Notes 1, 3) 


=| 
® 
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HM-6504 


Timing Waveforms 
READ CYCLE 


W HIGH 


TIME =f Oren praca Pomerat Paton 
REFERENCE 


-1 0 1 


2 3 4 5 


TRUTH TABLE 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


EARLY WRITE CYCLE 


R55 202 0505 
525050525 R56 


COOK RID KS 


oo 


a See Cycle Ends, Next Cycle Begins (Same as 0) 


osecese: 


FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 


Output Valid a 
Read Accomplished 
Prepare for Next Cycle (Same as -1) 


enabled but the data is not valid until during time (T = 2). W 
must remain high for the read. cycle. After the output data 
has been read, E may return high (T = 3). This will disable 
the output buffer and all input and ready the RAM for the 
next memory cycle (T = 4). 


KS 50550505 Petetetete 0 .e. 


Q 


HIGH-Z 


¢ 
REFERENCE : 23 ‘ 


TRUTH TABLE 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E 
(T = 0), the addresses, the write signal, and the data input 
are latched jn on chip registers. The logic value of W at the 
time E falls determines the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched into the high impedance state and will remain in that 


Cycle Ends, Next Cycle Begins (Same as 0) 


state until E returns s high (T = 2). For this cycle, the data 
input is latched by E going low; therefore data set up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state the output buffer and ail inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 
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HM-6504 


Timing Waveforms (Continued) 
LATE WRITE CYCLE 
(7) VAVEL (8) (7) 


TELAX TAVEL po 


ADOOOO ION o be ox rx Cx Cx o* Ox Ox Od OX Onl Ox Cx Ox Ox Ox OOOK sx Pe "ore" or BO Ox or DOK ‘ever er ere ere ee. : 
OO OOOO BASSAS) e000 F800 OO Se. 

A ererereretere’ ee rere” ‘otetetete fete et e%erete® ‘etetetet eter etetetet eter et etetetetetetetetetstetetete®. NEXT ADD 
aa 009%. 92% Pn? eee a an OM OO PORE. *n a! e a2”, a! eee aa! a”. y 


(8) (10) TWLEH fl 


NS l/l 


N 
: 
N 
iN 


'07070"0"07070"e"o"e"e"e"e"o7o"e"e%e7e"e"e"e"e"e"e"e"e"e%e%e%e" 
° ore tetete ete orerererorere erereretotete 
ete eto tetatete terete: Mone ote teto tote tetatatete terete 
Oot ote atctete tere tat ete tet eve a tate tet ents O nh. 0n 0.0.8.0 0 0.8 6 
© 000,00, 0,00, 00,000,000. 000,000.00. 0.0.0.0. 0.0.0,% 
Time | | | | | | | 


TRUTH TABLE 


1 rx x | Memory mated 

[~v_| x [2 ejete Begins, aaaresses are tained 
(x |v [x] wit Begin, DataisLaiched 
x [x [x [rte in Progress ntemaly 
x [xf x 
ae Oe a 
ae ee 


Write Completed 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


The late write cycle is a cross between the early write cycle between these two cases. With this cycle the output may 
and the read-modify-write cycle. become active, and may become valid data, or may remain 
active but undefined. Valid data is written into the RAM if 
data setup, data hold, write setup and write pulse widths are 
observed. 


Recail that in the early write the output is guaranteed to 
remain high impedance, and in the read-modify-write the 
output is guaranteed valid at access time. The late write is 


Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, 
AND BG CLPLOTANGE: EQUIVALENT CIRCUIT 
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Features 


This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. | 


Low Power Standby..............0.05- 125uW Max. 
Low Power Operation ............. 35mW/MHz Max. 
Data Retention ............. 2.2 eeeeeee 
TTL Compatible Input/Output 

Three-State Output 

Standard JEDEC Pinout 

Fast Access Time. ................. 120/200ns Max. 
18 Pin Package for High Density 

On-Chip Address Register 


Gated Inputs - No Pull Up or Puli Down Resistors 
Required 


@2.0V Min. 


HM-6504/883 


4096 x 1 CMOS RAM 


Description 
The HM-6504/883 is a 4096 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. The 


device utilizes synchronous circuitry to achieve high perfor- 
mance and low power operation. 


On chip latches are provided for addresses, data input and 
data output allowing efficient interfacing with microprocessor 
systems. The data output can be forced to a high impedance 
state for use in expanded memory arrays. 


Gated inputs allow lower operating current and also elimi- 
nate the need for pull up or pull down resistors. The 
HM-6504/883 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


Pinout 


HM1-6504/683 (CERAMIC DIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


DESCRIPTION 
Chip Enable 


Write Enable 


Data Input 
Data Output 


Ww 
GATED DE 


ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: 


Functional Diagram 


GATED COLUMNI D 
DECODER AND 
ATAVO 


AHIGH — OUTPUT ACTIVE LSB A11 AS Aé A3 AQ A10 
Address Input CONTROL AND DATA LATCHES: 
L LOW +Q=D 


Q LATCHES ON RISING EDGE OF L 
ADDRESS LATCHES: as 
LATCH ON FALLING EDGE OF E 


CODERS: 
GATE ON RISING EDGE OF G 
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File Number 2993 


Specifications HM-6504/883 


Absolute Maximum Ratings 


SUDDIV VONAGE S44 secs Riedie een aed KK ees MOS Faas +7.0V 
Input, Output or 1/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0.0... 0c cece eee ees +175°C 
Lead Temperature (Soldering 10s).............20.000. +300°C 
ESD Classification 345i pein pba 6 ee 64 bed heed wae es Class 1 


Reliability Information 


Thermal Resistance ................ Bia Bi 
Ceramic DIP Package............. 66°C/W 12°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package............. 20 cece eee eee eee 0.75W 
Gale Counlicencd sect taevs REP hei 4S ee hee bes 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................0008- +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 


Input Low Voltage .......... ce eee eee eee eee ee -0.3V to +0.8V 
Input High Voltage................05. VCC -2.0V to VCC +0.3V 


TABLE 1. HM-6504/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


(NOTE 1) 
CONDITIONS 


VCC = 4.5V, 


Output High Voltage 
IOH = -1.0mA 
Input Leakage Current VCC = 5.5V, 
Vil = GND or VCC 


VCC = 2.0V, 
E= VCC, 
| 10 = OmA, 


VCC = 5.5V, 
(Note 2), 

E = 1MHz, 
IO = OmA 


Vcc = 5.0V, 
—=VCC -0.3V, 
lO = OmA 


NOTES: 
1. All voltage referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP 


GROUP A 
SUBGROUPS TEMPERATURE oe UNITS 
Output Low Voltage VCC = 4.5V, -55°C < Ty < +125°C 0.4 
OL = 2mA 


VCC = 5.5V, 
VO = GND or VCC 


| uiMTs | 


-55°C < Ty S$ +125°C +1.0 fe 
-55°C < Ty S$ +125°C +1.0 ial 


-55°C < Ta S$ +125°C 


-55°C < Ta < +125°C 


-55°C < Ty S$ +125°C 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications HM-6504/883 


TABLE 2. HM-6504/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
| : LIMITS 
GROUP HM-6504S HM-6504B/883 | HM-6504/883 
(NOTES 1,2) | ASUB- | TEMPERA- 
PARAMETER SYMBOL CONDITIONS | GROUPS TURE 
Chip Enable (1) TELQV | VCC =45 and “55°C < Ty 
Access Time 5.5V < +125°C 
Address Access | (2) TAVQV | VCC =4.5 and 55°C < Ta 
Time 5.5V, Note 3 < +125°C 
Chip Enable (5) TELEH 
Pulse Negative 
Width 
Chip Enable (6) TEHEL 
Pulse Positive 
Width 
Address Setup (7) TAVEL | VCC =4.5 and “55°C < Ta 
Time 5.5V 
Address Hold (8) TELAX | VCC=45and | 9, 10,11 | -55°C<sT, 
Time 5.5V <$ +125°C 
Write Enable (9) TWLWH | VCC = 4.5 and “55°C < Ta 
Pulse Width 5.5V $ +125°C 
Write Enable (10) TWLEH | VCC =4.5 and -55°C < Ta 
Pulse Setup 5.5V S$ +125°C 
Time 
Early Write Pulse | (11) TWLEL VCC = 4.5 and 
Setup Time 5.5V 


120 


$ +125°C 


VCC = 4.5 and 
5.5V 


< +125°C 


Early Write Pulse | (13) TELWH | VCC=4.5and | 9,10,11 | -55°C< Ty 
Hold Time 5.5V $ +125°C 


-55°C < Ta 
$ +125°C 


Data Setup Time | (14) TDVWL | VCC =4.5 and 

5.5V 
Early Write Data | (15) TOVEL | VCC =4.5 and -55°C < Ta 
Setup Time 5.5V < +125°C 


Early Write Data | (17) TELDX | VCC =4.5 and 55°C < Ta, | 
Hold Time 5.5V S$ +125°C 
Read or Write (18) TELEL VCC = 4.5 and 

Cycle Time 5.5V 


55°C <T, | 170 
NOTES: 


S$ +125°C 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


“J 
Oo 


Data Hold Time | (16) TWLDX | VCC =4.5 and -55°C < Ty 
5.5V S$ +125°C 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 3. HM-6504/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


| HM-6504S/883 
LIMITS 
PARAMETER SYMBOL NOTE | TEMPERATURE } MIN | MAX | UNITS 


Input Capacitance Cc VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


co VCC = Open, f = 1MHz, All 
Measurements Referenced 


Output Capaci- 
tance 


Chip Enable Output 
Disable Time 


Chip Enable Output 
Disable Time 


to Device Ground 


(4) 


4 TEHQZ | VCC = 4.5 and 5.5V 
HM-6504S/883 


VCC = 4.5 and 5.5V -55°C <T, $+125°C 
HM-6504B/883 

VCC = 4.5 and 5.5V -55°C < Ty $+125°C 
HM-6504/883 


Write Enable Read | (12) TWHEL | VCC = 4.5 and 5.5V ~55°C $T, $ +125°C 

Mode Setup Time 

High Level Output VOHL VCC = 4.5V, lO = -100UA -55°C < Tas VCC -0.4 
Voltage 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


| TABLE 4. APPLICABLE SUBGROUPS 


a 
a 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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HM-6504/883 


Timing Waveforms 
READ CYCLE 


ROSSI 


W HIGH 


070-0 0°0°00.0'0'6.6076767. 
ererererere ate tet eter etetetet se’: 


TIME ik, Sia “eWeek, |e ee ae eees, CSE Ones ce Ne 
REFERENCE 


2 3 4 5 


TRUTH TABLE 


The address information is latched in the on chip registers 
on the failing edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


FUNCTION 


enabled but the data is not valid until during time (T = 2). W 
must remain high for the read cycle. After the output data 
has been read, E may return high (T = 3). This wiil disable 
the output buffer and all input and ready the RAM for the 
next memory cycle (T = 4). 


EARLY WRITE CYCLE 


° 
MoM eMererererereteteteretererene 


Oo. OOO Oe 
x Moh te Pet e%e? 


mK OK I SO OS SC 
otereretereteretoretereteree’ 


HIGH-Z 


Cycle Begins, Addresses are Latched 
Write in Progress Internally 
Write Completed 


Prepare for Next Cycle (Same as - 1) 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E 
(T = 0), the addresses, the write signal, and the data input 
are latched in on chip registers. The logic value of W at the 
time E falls determines the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched into the high impedance state and will remain in that 


Cycle Ends, Next Cycle Begins (Same as 0) 


state until E returns high (T = 2). For this cycle, the data 
input is latched by E going low; therefore data set up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state the output buffer and all inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 
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Timing Waveforms (Continued) 
LATE WRITE CYCLE 


(7] 


TAVEL 


o.8 © 6 8 4 eee oe 7.9.8.8 8 we 9,9, 0.¢ ¢.¢ 2.8 8 0 2 8 8 9% 8 08 © e. AP 
. OOO 
Aa atecetocerecorere. ese. P5252 reretetetorecetetereretete’ 505 oon 
SOOO CIC et ete ICICI WEXT AOD 
oot ete tatete te ete® ‘eteee votetetetetetete teen; 
n0. 9.0.9.9, 9600.9 eeoeeawenee a9. %.' 0% % 095%, 0 50%, 


6 
(6) (10) TWLEH (6) 


TWLWH 7 
UI 3 JZ77 
o Sean ER Ca EEE 


\N 
\ 
N 
\ 


*e"o"e’e"ee"e"a"a%e"n", 
at ete ree’ 5S ) 

° e. 
Pe otate eae’ ere teehee 


otataterere! 
TEHQZ 


: ee : 
TIME 
REFENENCE 
- 0 ' 2 i 4 $ 
TRUTH TABLE 


perenence [| © | W | a] » | a _ FUNCTION 
Tad omen aed SS 
wx [2 eee Bagi, asirossos aro Laiched 
x [vx] wt Begins, Dataistatched 
Tx [xx] ten Progress iteraly 
[x [x [x | wite completed 
x [x [2] Prepare tor Not Oye Sarees) 
ace Si Te 


Cycle Ends, Next Cycle Begins (Same as 0) 


The late write cycle is a cross between the early write cycle between these two cases. With this cycle the output may 
and the read-modify-write cycle. become active, and may become valid data, or may remain 
active but undefined. Valid data is written into the RAM if 
data setup, data hold, write setup and write pulse widths are 
observed. 


Recall that in the early write the output is guaranteed to 
remain high impedance, and in the read-modify-write the 
output is guaranteed valid at access time. The late write is 


Test Load Circuit 


LOC e Pec eecaeesnecccessesoeseseSEeeSESOOESOOOE TE SESCCOSSSEESESESSDESSOTSTOAOOEUSOESSCEOSESES 


DUT ¢ 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY : 

AND JIG CAPACITANCE: EQUIVALENT CIRCUIT 


. 
POORER EOOOETSOCOSOEOHET ES SS COOHESO LOSE OLEDET OOO SORS GODS OHO OSES ASOESSOCOECESOURESEEOCEDEOOS 
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HM-6504/883 


Burn-in Circuit 


HM-6504/883 CERAMIC DIP 
| VCC ¢, , 
F3 —— | 1} Ao aa 
FA | Fin : FO 
F5 13} A2 —- F10 
FG {4jaa Fit 
F7 5| a4 Fi2. 
FB 6 | AS WW F13 
F2 | F14 
Ft (8) F2 
191 GND — FO 


NOTES: 

All resistors 47kW + 5% 

FO = 100kHz + 10% 

Fi =FO+2,F2=F1+2,F3={F2+2...F12=Fi1+2 
VCC = 5.5V + 0.5V 

VIH = 4.5V + 10% 

VIL = -0.2V to +0.4V 


C1 = 0.01pF Min. 
Packaging 
18 PIN CERAMIC DIP 
| 882 
| .915 | 
,005 MIN : 
i 


200 MAX 


.150 MIN 
.098 MAX 


ale 


* 100 
023 
.050* 
065 « INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A - COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 


MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are a Dimensions are in inches. 
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Metallization Topology 


DIE DIMENSIONS: 
136 x 169 x 19 + Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 1 1kA + 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.79 x 10° A/em? 


LEAD TEMPERATURE (10 seconds soldering): 
< 300°C 


Metallization Mask Layout 


OO acai 


a eo Os mas rae. PE 


A2 


; Ti 
ww Oe www we wh se RO we ai we ae ? . ts t , , ry , 4 


Ei al Alps 1 a i Me Mi cee | 7 | 
aa bel : - - fee 14 aes 2 

j “y mae eis Di ’ oe lee 
as iss ee Ad ~ Fle 
ue 4 


Sstste Tory i= ore 


W GND E oD 
NOTE: Pin Numbers Correspond to DIP Package Only. 


= 
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FARRIS 


SEMICONDUCTOR 


February 1992 


Features 


Low Power Standby.................2.. 125uW Max. 
Low Power Operation ............. 35mW/MHz Max. 
Data Retention ............ceceeeeeees @2.0V Min. 
TTL Compatible Input/Output 

Common Data Input/Output 

Three-State Output 

Standard JEDEC Pinout 

Fast Access Time. .............206- 120/200ns Max. 
18 Pin Package for High Density 

On-Chip Address Register 

Gated Inputs - No Pull Up or Pull Down Resistors Required 


Ordering Information 


Ceramic DIP 
*/883 
JAN# 
SMD# 
LCC 


: -40°C to +85°C 


-55°C to +125°C 


* Respective /883 specifications are included at the end of this data sheet. 


[PACKAGE | TEMPERATURE RANGE | 1208 [| _200n8 | _a00n8 
Plastic DIP ~40°C to +85°C |HM3-6514S-9 | HM3-6514B-9 HM3-6514-9 
-40°C to +85°C |HM1-6514S-9 | HM1-6514B-9 HM1-6514-9 


-55°C to +125°C HM1-6514S/883 HM1-6514B/883 HM1-6514/883 
| -24502BVA 


8102402VA 


ee HM4-6514B-9 HM4-6514-9 


HM-6514 


1024 x 4 CMOS RAM 


Description 


The HM-6514 is a 1024 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 


On chip latches are provided for addresses allowing efficient 
interfacing with microprocessor systems. The data output 
can be forced to a high impedance state for use in expanded 
memory arrays. 


Gated inputs allow lower operating current and also elimi- 
nate the need for pull up or pull down resistors. The 
HM-6514 is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


8102404VA 8102406VA 
HM4-6514B-8 HM4-6514-8 


Pinouts 


18 LEAD DIP 
TOP VIEW . 


18 LEAD LCC 
TOP VIEW 


as Write Enable 


| Ee Chip Enable 


es 
ee 


‘| PIN | DESCRIPTION | 
a ae Address input 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. | 
Copyright © Harris Corporation 1992 
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“9 
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-% 
43 
-93 
33 
“9 
gi 
-9 
Ti 


File Number 2995 


HM-6514 


Functional Diagram 


LATCHED 
ADDRESS 
REGISTER 


MATRIX 


LATCHED 
ADDRESS 
REGISTER 


COLUMN 
VO SELECT 


CMOS MEMORY 
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Absolute Maximum Ratings 


Supply Voltage .... 0... ccc cee cence rece cence beneens +7.0V 
Input, Output or I/O Voltage ............ GND-0. 3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 2... cc eee eee +175°C 
Lead Temperature (Soldering 10s)................2+2+. 4800°C 
ESD Classification .......... 0. ccc cece cece ee ences Class 1 


Reliability Information i 
Thermal Resistance Bin 8. 


Ceramic DIP Package............. 66°C/W 12°C/W 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package ........... cc cece cece eens 0.75W 
Gale: Count sick ss Sacs vated leeaeaneSewdanaia tae 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 7 
Operating Voltage Range..................26. +4.5V to +5.5V 


Operating Temperature Ranges: 
HM-6514S-9, HM-6514B-9, HM-6514-9 ........ -40°C to +85°C 
HM-6514B-8, HM-6514-8 ...............06. -55°C to +125°C 


DC Electrical Specifications VCC = 5v + 10%; is = -40°C to +85°C (HM-6514S-9, HM-6514B-9, HM-6514-9) 
= -55°C to +125°C (HM-6514B-8, HM-6514-8) 


ICCSB 


ICCOP 


Operating Supply Current (Note 1) 


Data Retention Supply HM-6514-9 


Current 


ICCDR 


VCCDR 


Data Retention Supply Voltage 
Input Leakage Current 


Output Low Voltage 


VOH1 
VOH2 


Capacitance T, = +25°C 


NOTES: 


1. Typical derating 5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


SYMBOL 


LIMITS 
SYMBOL PARAMETER | MIN, | MAX | UNITS 


Standby Supply Current 


= 
— 
<a 
= 
reaiGapatape cron | a9 | wa | 1m 
Proatowvome | es | oe |v 

ee 
a 
[owen oon) [vest | vo 


TEST CONDITIONS 
10 = OmA, E = VCC-0.3V, VCC = 5.5V 


E = 1MHz, IO = OmA, VI = 
VCC = 5.5V, 


= GND, 


IO = OmA, VCC = 2.0V, E = VCC 


+1.0 


Vi = VCC or GND, VCC = 5.5V 


= -100HA, VCC = 4.5V 


f = 1MHz, All measurements are 
referenced to device GND 
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AC Electrical Specifications vcc = 5v + 10%; T, = -40°C to +85°C (HM-6514S-9, HM-6514B-9, HM-6514-9) 


Ty = -55°C to +125°C (HM-6514B-8, HM-6514-8) 
SYMBOL 


LIMITS 
Hmesase | Hmestane | nMesieo | 
(1) TELQV Chip Enable Access Time 
(2) TAVQV Address Access Time 


(3) TELQX Chip Enable Output Enable 

(4) TEHQZ Chip Enabie Output Disable 
Time 

(5) TELEH Chip Enable Pulse Negative 
Width 


(6) TEHEL Chip Enable Pulse Positive 
Width 


(7) TAVEL Address Setup Time phe. 


TEST 
CONDITIONS 


(Notes 1, 3) 


pons (Notes 1, 3, 4) 


PARAMETER 


120 


(Notes 2, 3) 
(Notes 2, 3) 
(Notes 1, 3) 


120 


(Notes 1, 3) 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


(Notes 1, 3) 


a (Notes 1, 3) 


(8) TELAX Address Hold Time 


(9) TWLWH Write Enable Pulse Width 

(10) TWLEH Chip Enable Write Pulse 
Setup Time 

(11) TELWH Chip Enable Write Pulse Hold 
Time 


Data Setup Time 

Data Hold Time 

Write Data Delay Time 
Early Output High-Z Time 
Late Output High-Z Time 


(17) TELEL (Notes 1, 3) 
NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


a 
Z 
al s{ sfele]=] fet | ht de 


120 
120 

120 
70 


Read or Write Cycle Time 


m | «| 
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HM-6514 


Timing Waveforms | 
READ CYCLE 


eee 2 TAVOV 


7) 
TAVEL ae TELAX—oH| (8) (17) 7) TAVEL—e — 


ASO er, CLR MRM RK IOC owe" o'n's ""0°0's eat SOx 06s ors SO ae 
[oe Ne eas Soe OOK _ NEXT ADD 
TAVQaY 


(6) TEHEL 


(1) 


RO 
wW 
TIME ae, SE, eee, ee ee, Ree Cee: ae ee 
REFERENCE 0 ' ? ; 4 ‘ 
TRUTH TABLE 


TIME __ INPUTS DATA VO 
REFERENCE | E | W | A |_ dQ FUNCTION 


a x x |e [Menor oeabed 
[02 [ote Begins, acarescas are Latches 

x [x [Ouputensbiog 
x [_v_[ouparvars SSS 
xv 
ae 


V Read Accomplished 
Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


PEN 
PEEEE 


The address information is latched in the on chip registers enabled but data is not valid until during time (T = 2). W must 
on the falling edge of E (T = 0). Minimum address set up and remain high throughout the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 
time, the addresses may change state without affecting the output buffer and all inputs and ready the RAM for the 
device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 


WRITE CYCLE 


TAVEL 4-0 TELAX= ——e| TEVEL 
A EEK VALID ADD IER RAR oR OO NEXT ADD 


WWWHEE/.,;]rrtwwn a KKcAcAaxiillcdQ OWN 
po wiGH? ROMO asses eeprom MiG 
pa wef ff tt 
TRUTH TABLE 


Memory Disabled | 


TIME : 
REFERENCE 
Cycle Begins, Addresses are Latched 
Write Period Begins 


ae 

feta Bea 
oe 
| cof s¢-~-] x | ove | Data In is Written 
Ese a ae oe 

— 

| 2 


Write Completed . 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 
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Timing Waveforms (Continued) 
WRITE CYCLE (Continued) 


The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis- 
ters. There are two basic types of write cycles, which differ in 
the control of the common data-in/data-out bus. 


Case 1: E falls before W falls 


The output buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
So input data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also, at the end of the cycle the outputs may 
become active if W rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQZ). In this type of 
write cycle TWLEL and TEHWH may be ignored. 


Case 2: E falls equal to or after W falls, and E rises 
before or equal to W rising 


Test Load Circuit 


DUT ¢ 


* TEST HEAD 
CAPACITANCE 


This E and W control timing will guarantee that the data out- 
puts will stay disabled throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLDV becomes meaningless and can be ignored. Jn this 
cycle TOVWH and TWHDX become TDVEH and TEHDX. In 
other words, reference data setup and hoid times to the E 


rising edge. | 
| TWLEL 


| Case 1 | 1/€E | E falls beforeW before W TWLDV 
= 2 E —— after W and TWLEL a 
E rises before W TEHWH TWHDX 
Ifa series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been writ- 


ten (an extension of Case 2). 


EQUIVALENT CIRCUIT 


s 
SOS COROSOOSESESOSESE SEES SSSOSSSESESUSSESTSCOOESSEASEESHOREOE LE oe 
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Features 


This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Low Power Standby................-:- 125.W Max. 
Low Power Operation ............. 35mW/MHz Max. 
Data Retention ..........ccccceenscces @2.0V Min. 
TTL Compatible Input/Output 

Common Data Input/Output 

Three-State Output 

Standard JEDEC Pinout 

Fast Access Time. .............208- 120/200ns Max. 
18 Pin Package for High Density 

On-Chip Address Register 


Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


HM-6514/883 


- 1024 x 4 CMOS RAM 


Description 


The HM-6514/883 is a 1024 x 4 static CMOS RAM fabri- 
cated using self-aligned silicon gate technology. The device 
utilizes synchronous circuitry to achieve high performance 
and low power operation. 


On chip latches are provided for addresses allowing efficient 
interfacing with microprocessor systems. The data output 
can be forced to a high impedance state for use in expanded 
memory arrays. ) 


Gated inputs allow lower operating current and also elimi- 
nates the need for pull up or pull down resistors. The HM- 
65 14/883 is fully static RAM and may be maintained in any 
state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


HM1-6514/883 (CERAMIC DIP) 
TOP VIEW 


Functional Diagram 


File Number 2996 
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Specifications HM-6514/883 


Absolute Maximum Ratings 


SUDDIY VONAGC iiu35.3 hh acto ese waweuns WENA eee Owe eae +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ...............4. -65°C to +150°C 
Junction Temperature... .. Uby eo bde enleeice nia enw at +175°C 
Lead Temperature (Soldering 10s)..........00ceeceeee +300°C 
ESD Classification ....... cc ccc ccc cece ete cteeecens Class 1 


Reliability Information 


Thermal Resistance Bia 0, 
Ceramic DIP Package............. 66°C/W 12°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ............ ccc cece ee eee eee 0.75W 
Gale Counts ic55 2044 cies we Stareta ee ae tee ea 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range...............0ee eee +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
Input Low Voltage... ... cee cece cece e ees OV to +0.8V 


Input High Voltage. .......... cece ee eee eee VCC-2.0V to VCC 
Input Rise and Fall Time... 2... eee ees 40ns Max. 


TABLE 1. HM-6514/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
(NOTE 1) 


PARAMETER SYMBOL CONDITIONS 
Output Low Voltage VOL VCC = 4.5V 
IOL = 3.2mA 
Output High Voltage VOH VCC = 4.5V 
IOH = -1.0mA 
Input Leakage Current VCC = 5.5V, 
Vi = GND or VCC 


Data Retention Supply 
Current 


ICCDR | VCC =2.0V, 
E = VCC-0.3V, 
lO = OmA, 
Operating Supply ICCOP VCC = 5.5V, (Note 2) 
Current E = 1MHz 
Standby Supply ICCSB 
Current 
NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 


VCC = 5.5V, 
E = VCC-0.3V, 
IO =OmA 


GROUP A 
SUBGROUPS 


NWOZ VCC = 5.5 V, -55°C < Ta S$ +125°C 
VIO = GND or VCC 


LIMITS 


TEMPERATURE 


-55°C < Ty $ +125°C 


55°C < Ty < +125°C 


55°C < Ty < +125°C 


oS 


+1 
1 


+ 


55°C < Ty S$ +125°C 


‘55°C S$ Ty S +125°C 


-55°C < Ty Ss +125°C 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications HM-65 14/883 


TABLE 2. HM-6514/683 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
| a | | | LIMITS | 
oer HM-6514S/883 | HM-6514B/883 | HM-6514/883 
(NOTES 1,2) | ASUB- | TEMPERA- 
PARAMETER SYMBOL CONDITIONS | GROUPS | TURE | MIN | 

Chip Enable | (1) TELQV | VCC =4.5 and 

Access Time 5.5V ; 

Address Access | (2) TAVQV | VCC =4.5 and 55°C < Ty 

Time 5.5V, Note 3 $ +125°C 
Chip Enable (5) TELEH | VCC =4.5 and 55°C < Th 
Pulse Negative 5.5V 
Width 

9 


-55°C < Ty 
S$ +125°C 


9, 10, 11 


-55°C < Ty 
$ +125°C 


S$ +125°C 
Chip Enable (6) TEHEL | VCC =4.5 and 
Pulse Positive 5.5V 
Width 
Address Setup (7) TAVEL | VCC =4.5 and -55°C s Ta 
Time 5.5V $ +125°C 


Address Hold (8) TELAX | VCC =4.5 and 55°C < Ty 
Time 5.5V S$ +125°C 
Write Enable (9) TWLWH | VCC = 4.5 and -55°C < Ty 
Pulse Width 5.5V S$ +125°C 


, -§5°C < Ta 


| Write Enable (10) TWLEH | VCC=45and | 9,10, 11 
Pulse Setup 5.5V S$ +125°C 
Time 


Write Enable (11) TELWH | VCC =4.5 and 55°C ST, 
Pulse Hold Time 5.5V $ +125°C 


-55°C < Ta 
$ +125°C 


-55°C < Ty 
€ +125°C 


Data Setup Time | (12) TOVWH | VCC =4.5 and 
5.5V 
Data Hold Time | (13) TWHDX | VCC = 4.5 and 
5.5V 

Write Data Delay | (14) TWLDV [| VCC =45and {| 9,10,11 | -55°C<Ty 70 
Time 5.5V S$ +125°C 

Early Output (15) TWLEL | VCC =4.5 and -55°C < Ty 

High-Z Time 5.5V S$ +125°C 

Late Output (16) TEHWH | VCC =4.5 and 55°C < Ty 

High-Z Time 5.5V $ +125°C 
Read or Write | (17) TELEL | VCC =4.5 and 55°C <T, | 170 
Cycle Time 5.5V 


$ +125°C 
NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent, CL = SOpF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


cs Cus 
ie heat Ot et BE 


CAUTION: These devices are sensitive to electronic discharge. Proper jC handling procedures should be followed. 
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Specifications HM-6514/883 


TABLE 3. HM-6514/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 
to Device Ground 
Capacitance 
Chip Enable Output TELQX VCC = 4.5 and 5.5V -55°C S$ Ty S$ +125°C 
Disable Time 
High Level Output VOH2 VCC = 4.5V, 10 = -100pA me 55°C <T,$ +125°C | VCC -0.4 Lo as 
Voltage 


HM-6514/883 
PARAMETER SYMBOL TEMPERATURE | MIN | MAX | 
VCC = Open, f = 1MHz, All 
Chip Enable Output TEHQZ VCC = 4.5 and 5.5V 55°C $ Ta S$ +125°C ns 
Disable Time HM-6514S/883 
NOTES: 


Input Capacitance Cl VCC = Open, f = 1MHz, All Ta = +25°C 
Measurements Referenced 
Input/Output cio Ty, = +25°C pF 
Measurements Referenced 
to Device Ground 
VCC = 4.5 and 5.5V 55°C $ Ta S$ +125°C 
HM-6514B/883 
VCC = 4.5 and 5.5V -55°C $ Ty $ +125°C 
HM-6514/883 
1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


CMOS MEMORY 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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HM-651 4/883 


Timing Waveforms 
READ CYCLE 


TELEL 


(7) 


TAVEL = TELAX—=| (8) (17) 7) TAVEL——> —— 
OOO RY O06) OVC OTC CE CL OO OOK xO) 
= Stucco Rae ADD KS cera Ceo ONS RS Ono _ NEXT ADD 
TAVQY 2) (8) 
TELEH TEHEL = 


(6) TEHEL 


(4) TEHQZ =] |-+~— 


HIGH Z 
VALID DATA OUT 


TIME EE SA Se en, eRe a: CM eer pene 4mm: kant ae 
2 3 4 § 


REFERENCE Q 1 


TRUTH TABLE 


TIME hide DATA VO 
REFERENCE | E | W | A_ | bQ FUNCTION 


SO 
02 to Bains, aaresses are Latches | 

: 
ee 


mt 
Mo 
se 
4 
ese 
sy 


pq ——»—HIGH Z 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


X 


The address information is latched in the on chip registers enabled but data is not valid until during time (T = 2). W must 
on the falling edge of E (T = 0). Minimum address set up and — remain high throughout the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 
time, the addresses may change state without affecting the output buffer and all inputs and ready the RAM for the 
device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 


WRITE CYCLE 
——~| TEVEL 


TAVEL TELAXe 
AA KAAS %. w, Ox) CA7 (yf CK MK xy _A/ Cx x LAA? LAA) 
A Ree SRR NIK VALID ADD CBee nnnrrrrrexnrs Hn AH rrr ren NOOO MONON NEXT ADD 


TEHEL 


mi 


TWLEH 


TELWL ——} TWHEH 


oo-—— HIGH Z A eta ae ra HIGH Z 


TOVWH TWHOZ 
TELWH 


ogee 


REFERENCE 


TRUTH TABLE 


TIME INPUTS 
REFERENCE | E | W {| A | FUNCTION 


TA x [x [2 __ | Memory Disabled 
Cycle Begins, Addresses are Latched 
Write Period Begins 


D 


xv 
Et 24 

a |x| 2 | wite competes CS 
[x |x| 2 | Prepare tor Next vse Samoa) 
[x [v2 J ye Eras, Next ete Bogns Same a5 0 
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HM-651 4/883 


Timing Waveforms (Continued) 
WRITE CYCLE (Continued) 


The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis- 
ters. There are two basic types of write cycles, which differ in 
the control of the common data-in/data-out bus. 


Case 1: E falls before W falls 


The output buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so input data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also, at the end of the cycle the outputs may 
become active if W rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQZ). In this type of 
write cycle TWLEL and TEHWH may be ignored. 


Case 2: E falls equal to or after W falls, and E rises 
before or equal to W rising 


Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE 


s 
Slenececensacsesesecegasese 


This E and W control timing will guarantee that the data out- 
puts will stay disabled throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLDV becomes meaningless and can be ignored. In this 
cycle TDVWH and TWHDX become TDVEH and TEHDx. In 
other words, reference data setup and hold times to the E 
rising edge. 


E falls before W TWLDV TWLEL 


Case 2 | E falls after W and TWLEL TWLDV 
E rises before W TEHWH TWHDX 


Ifa series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been writ- 
ten (an extension of Case 2). 


EQUIVALENT CIRCUIT 


e 
SOSOSS OOH EEESONEESSCELSSAOOESSEOHHSSOCORESHSSSESUSSUSEOOSESOEEES o~ 
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HM-651 4/883 


Burn-in Circuit 
HM6514/883 CERAMIC DIP 


vcc C1 


F9 - 


F5 
FO F2 


Fi 


NOTES: 

All resistors 47kQ +5% 

FO = 100kKHz + 10% 

F1 =FO+2, F2=F1 +2,F3=F2+2...F12=Fii+2 
VCC = 5.5V + 0.5V 

VIH = 4.5V + 10% 

VIL = -0.2V to +0.4V 

C1 = 0.01pF Min. 


Packaging 
18 PIN CERAMIC DIP 


.882 


.00S MIN 2 a | 
a eas 


ane 
a a 
2015, | .150 MIN 
.060 O° 
125 .098 MAX 75 
.180 * -100 
.016 asc 
.023 ‘ 
.050 
"065 « INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
* SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 


MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are pall Dimensions are in inches. 
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HM-65 14/883 


Metallization Topology 


DIE DIMENSIONS: 
136 x 167x 19+ imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.79 x 10° A/em? 


LEAD TEMPERATURE (10 seconds soldering): 
300°C 


Metallization Mask Layout 
HM-6514/883 


vcc 


A& 


“ fe RE EC 


A3 tr — wy 
vs ev I eee ‘ lhe ientiotar Pe UI YE ee Ue 


la A bee Rt ca erate ee oe al iw, eo ere nee y Be er ee eR eR ph om 


[ree eee ee tee ee Ae eee een 


Sue teva MO aps iS ei Sks Sete ames Chee eee Sitehetie ets bm apres ee teat 


gel ote le ee cee ee ES ce Ee ee toe te Bee Se) Sey Sy reece ta, ae SLES R88, 


pr chyaa hms veka 


adsce Ube paced re a Gino: age Ras So Se ng et See, 
a ee 
ee a er es 


ec camer 


sew ete eee ee 


a ad 


podreceyay oS 


CMOS MEMORY 


er es 


AO 2 fia DQO 
ARE) pat 
“ G maar) DO2 


Pin Numbers Correspond to DIP Package Only. 
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grmarRs j= MWS5114 


1024-Word x 4-Bit 
esis LSI Static RAM 
Features Description 
e Fully Static Operation The MWS5114 is a 1024 word by 4 bit static random access 


memory that uses the ion-implanted silicon gate comple- 
° eet capped eee ae Pei (Same as Pinouts mentary MOS (CMOS) technology. It is designed for use in 

oF : , saad Types) memory systems where low power and simplicity in use are 
Common Data Input and Output desirable. This type has common data input and data output 
and utilizes a single power supply of 4.5V to 6.5V. 


¢ Memory Retention for Standby Battery Voltage as Low 


as 2V Min The MWS5114 is supplied in 18 lead, hermetic, dual-in-line 
sidebrazed ceramic packages (D suffix) and in 18 lead dual- 
e All Inputs and Outputs Directly TTL Compatible in-line plastic packages (E suffix). 
e 3 State Outputs 


Low Standby and Operating Power 


Ordering Information 


ee BO 
Plastic DIP 0°C to +70°C MWS5114E2 MWS5114E1 
Burn-in MWS5114E2X MWS5114E 1X 
Ceramic DIP 0°C to +70°C MWS5114D3 MWS511402 MWS5114D1 
Burn-in | MWS5114D3X — MWS5114D2X MWS5114D1X 


Pinout _ Functional Block Diagram 
18 LEAD DIP | | 
TOP VIEW Aa — Vop 
As +—Vss 
Ag MEMORY ARRAY 


64 ROWS 
64 COLUMNS 


cen 
COLUMN 
1/0 CIRCUITS 


COLUMN SELECT 


Operational Modes 


runcrion | 6S | WE | DATAPINS 


Read Output: Dependent on 
data 


Not Selected a eS High impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. FileNumber 1325.1 
Copyright © Harris Corporation 1992 6-134 


Specifications MWS5114 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 


(All Voltages Referenced to Vsg Terminal) ........ —0.5V to +7V 
Input Voltage Range, All Inputs ............. ~0.5V to Vpp +0.5V 
DC input Current, Any One Input............. 0.0... c eee ees +10mA 
Power Dissipation Per Package (Pp) 

Ty, = 40°C to +60°C (Package Type E).............. 500mw 

T, = +60°C to +85°C (Package Type E)...... Derate Linearly at 

12mWP/C to 200mW 

Ty = -55°C to +100°C (Package Type D)............. 500mWw 

Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 

12mWPC to 200mW 


Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package Typ@S)............. eee e eee eee 100mWw 
Operating Temperature Range (T,): . 

Package Type D........... cece eee eee eee —55°C to +125°C 

Package Type E....... cece cee eee eee ees “40°C tO +85°C 
Storage Temperature Range (Typ)... ...- +6. ~65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... 0.0... cece cece te eee ees +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 
Input Voltage Range 


[wn [wax] unrrs 
a A 


Static Electrical Characteristics At T, = 0°C to +70°C, VDD = + 5%, Except as Noted 


MWS5114-3 


LIMITS 


(Note 1) (Note 1) 


TYP 


CHARACTERISTIC 


“ 


S 
Ee on 


oi 


Quiescent Device 


MWS5114-1 
(Note 1) 
TYP 


CONDITIONS 
Vo | VIN 
SYMBOL | (V) 
Vv 
V 


Input Leakage 
Current (Note 2) 


Operating Current 
(Note 3) 


irene ee | baal 
Output Low fo) 0.4 mA 
(Sink) Current 
Output High 4.6. mA 
(Source) Current 
Output Voltage 0 Vv 
Low-Level 
Output Voltage Oo Vv 
High-Level 
Input Low Voltage V 0.5, V 
4.5 
4.5 


IDD1 


3-State Output IOUT 
Leakage Current 
(Note 4) 


L 
SL 

H 
IL 
lH 
IN 


Input Capacitance 


Output Capacitance | COUT 
NOTES: 
1. Typical values are for T, = 25°C and nominal VDD. 
2. All inputs in parallel 
3. Outputs open circuited; cycle time = 1s. 
4. All outputs in parallel 


=~ 
ee” 
~ < 
$8 
ed 
> 
Ht 
an “0 
™N H H 
or wn ou 
N > 
> e) 
Pia Ht Ht 
a ou oO 
NN - 
i o 
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CMOS MEMORY 


Specifications MWS5114 
Dynamic Electrical Characteristics at T, = 0°C to +70°C, Vop = 5V + 5%, Input tr, tf = 10ns; CL = 50pF and 1 TTL Load 
LIMITS | 
CT Mwssiet 


(Note 1) | (Note 2) (Note 1) | (Note 2) 
MIN TYP MIN TYP 


(Note 1) | (Note 2) 
CHARACTERISTIC MIN TYP 


READ CYCLE TIMES (FIGURE 1) 
Read Cycle tRC 


Access from 
Address 


Chip Selection to tco 
Output Valid 


Chip Selection to 
Output Active 


Output 3 State. 
from Deselection 


Output Hold from 
Address Change 


WRITE CYCLE TIMES (FIGURE 2) 
Write Cycle twc 


tc 


fe) 
4 
Oo 


Hy 


Write Release 


Address to Chip tACS 
Select Setup Time 


Address to Write 
Setup Time 


Data to Write 
Setup Time 


Data Hold from 
Write 


NOTES: 


1. Time required by a limit device to allow for the indicated function. 
2. Typical values are for T, = 25°C and nominal VDD. 


t0SU 75 


RC 


ADDRESS 
tAA 


appress YK | OM 


cs 
we ws mi 
7 ks tOHA | 
DOUT CACTIVEDK VALID XY pin 7 DON'T CARE 


NOTE: WE is high during the Read Cycle. Timing Measurement NOTE: WE is low during the Write Cycle. Timing Measurement _ 
Ref. Level is 1.5V Ref. Level is 1.5V 


FIGURE 1. READ CYCLE TIMING WAVEFORMS FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 
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MWS5114 


Data Retention Characteristics at T, = 0°C to +70°C; See Figure 3 


TEST 
CONDITIONS LIMITS 
SYMBOL 


ALL p ALL TYPES 
VDD a. 1) 
CHARACTERISTIC (Vv) TYP UNITS 


Minimum Data Retention Votage i oe a ee ee 


Data Retention Quiescent MWS5114-3 
Current 


MWS51 14-2 


MWS5114-1 


Chip Deselect to Data Retention Time ) COR FY 
Recovery to Normal Operation Time | 
VDD to VDR Rise and Fall Time 


NOTE: 1. Typical Values are for T, = 25°C and nominal Vop 


DATA 
~«<—— RETENTION ——> 
MODE 


voD 


0.95 VDD 0.95 VDD 


VDR 


FIGURE 3. LOW VDD DATA RETENTION TIMING WAVEFORMS 
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FARRIS 


SEMICONDUCTOR 


HM-6516 


January 1992 7 , 2K x 8 CMOS RAM 
Features | Description 
e Low Power Standby............ 275uW Max. The HM-6516 is a CMOS 2048 x 8 Static Random Access Memory. 


Extremely low power operation is achieved by the use of 


SROw rower Operation oer ow SSmW/MHz Max. complementary MOS design techniques. This low power is further 
¢ Fast Access Time........... 120/200ns Max. enhanced by the use of synchronous circuit techniques that keep the 

active (operating) power low, which also gives fast access times. The 
¢ Industry Standard Pinout pinout of the HM-6516 is the popular 24 pin, 8 bit wide JEDEC 
e Single Supply............ecceees 5.0V VCC __ standard which allows easy memory board layouts, flexible enough to 


accommodate a variety of PROMs, RAMS, EPROMs, and ROMs. 


The HM-6516 is ideally suited for use in microprocessor based 


e TTL Compatible 


¢ Static Memory Cells systems. The byte wide organization simplifies the memory array 
¢ High Output Drive design, and keeps operating power down to a minimum because only 

one device is enabled at a time. The address latches allow very 
¢ On-Chip Address Latches simple interfacing to recent generation microprocessors which employ 


a multiplexed address/data bus. The convenient output enable control 
also simplifies multiplexed bus interfacing by allowing the data outputs 
to be controlled independent of the chip enable. 


Easy Microprocessor Interfacing 


Ordering Information 


[PACKAGE | TEMPERATURE RANGE | _120ne | _200ne 
Caramic DIP 
8s 35°C to +125°0 


SMD# ; 
-40°C to +85°C HM4-6516-9 


-55°C to +125°C HM4-6516B/883 HM4-6516/883 
ee 
8403607JA 8403601ZA 


* Respective /883 specifications are included at the end of this data sheet. 


Pinouts 
24 LEAD DIP 32 LEAD LCC 
TOP VIEW TOP VIEW 
| PIN | DESCRIPTION 

- A0-A10_ | Address inputs 
a | E _| Chip Enable/Power Down 
a VSSIGND |Ground = 
A10 DQ0 - DQ7 | Data In/Data Out 
os Power (+5V) 
pas Write Enable 

5] Das | _G__| Output Enable 

4} pa 

13} DQ3 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2998 


Copyright © Harris Corporation 1992 
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HM-6516 


Functional Diagram 

A10 
rX:) F 
A8 LATCHED 
A7 ADDRESS ad Se 
AG REGISTER 
AS 
A4 


e(_ ses HST Hs i 
DECODER S } 8 aa 
A) ae 

i <p een aS CE od 

Me LATCHED ADDRESS 


REGISTER 


| 
e 


m <i 
JV V 
a 


AS A2 Atl AO 
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Specifications HM-651 6 


Absolute Maximum Ratings Reliability Information 
SUDDIV VONAGG 3 ois o5 ss dec bea iS eee oboe Beare eka +7.0V Thermal Resistance ................ On Oi 
Input or Output Voltage Applied for all Grades. .... ",. GND-0.3V to Ceramic DIP Package............. 48°C/W 8°C/W 

_ VCC+0.3V Ceramic LCC Package ............ 66°C/W 12°C/W 
Storage Temperature Range ................. -65°C to +150°C |= Maximum Package Power Dissipation at +125°C 
Junction Temperature. ... 0... cece cee ee eee ees +175°C Ceramic DIP Package .....cccccsccccecsensevsvcneces 1wW 
Lead Temperature (Soldering 10s).............2ee00e- +300°C Ceramic LCC Packag@......... 0... ccc ee cece eee ceees 0.75W 
ESD Classification ... 0.0... ccc cece eee cece eee eee Class 1. . Gale Count sci. otleseawe aia. ca Sus wets eee i 25953 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.............0..eeeee +4.5V to+5.5V Operating Temperature Ranges: 
HM-6516B-9, HM-6516-9 ......... 0.0... e eee -40°C to +85°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6516B-9, HM-6516-9) 


LIMITS 
SYMBOL PARAMETER UNITS 


ICCSB Standby Supply Current 


Operating Supply Current (Note 1) 


ICCDR Data Retention Supply Current 


VCCDR Data Retention Supply Voltage | 20 | 
Input Leakage Current _ e.= & 


TEST CONDITIONS 


10 = OmA, VI = VCC or GND, 
VCC = 5.5V, HM-6516B-9 


10= OmA, Vi = VCC or GND, 
HM-6516-9 


f = 1MHz, |O = OmA, G = VCC,VCC = 
5.5V, Vi = VCC or GND 


VCC = 2.0V, IO = OmA, VI = VCC or 
GND, E = VCC, HM-6516B-9 


VCC = 2.0V, IO = OmA, Vi = VCC or 
GND, E = VCC, HM-6516-9 


cae 
eros cn 


Capacitance T, = +25°C 


SYMBOL PARAMETER p MAX | 
— Input/Output Capacitance (Note 2) p10 | 


1. Typical derating 5MA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


VCC+0.3 


TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 
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AC Electrical Specifications vcc = 5v + 10%; T, = -40°C to +85°C (HM-6516B-9, HM-6516-9) 


LIMITS 
PARAMETER 


HM-6516B-9 HM-6516-9 

(ao | Cam tate oem | 
= 

= 

= 

= 

= 

= 

= 

= 


(Notes 1, 3, 4) 
(Notes 2, 3) 


NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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HM-6516 ... 


Timing Waveforms 


READ CYCLE 
(2). 
‘oie i) 
(tt) TAVEL hoe 12] TAVEL 
ES eK wen | abo 
) (10) | oe a 
TEHEL ers TEHEL 
: 7 SS 
" (5) 
(1) TELQV 
Tenaz ae | fre 
pa PL EEK VALID DATA OUT 
TSHOr |-18 
, ~— TGLOX [7] 3 
TIME ree, |. . = 
REFERENCE 


-1 0 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold. 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 
enabled but data is not valid until time (T = 2), W must 


WRITE CYCLE | 


{12} 


(11) TELAX |. 


2 3 4 5 


remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out- 
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical “1” state 
(T =-1, 0, 3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 


(11) 


TAVEL TAVEL 
950552505 LE 2525 2525525529255 
SOOO IOS, JOO II IO HICK IO HOI 
A RRR RY VALID ADD “ei easetatetetetee wanetatetetetes SOON IO 352 6-60 NEXT ADD 
(10) : (18) 
TEHEL- 
E 


TELWH 


KKK KKK KKK KKK AX X) 
ROCIO 
5252525055 4 

9955555595 


REFERENCE 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip 
registers. If a write cycle is to be performed where the output 
is not to become active, G can be held high (inactive). 
TOVWH and TWHDX must be met for proper device opera- 
tion regardless of G. If E and G fall before W falls (read 
mode), a possible bus conflict may exist. If E rises before W 


CARA KKARKKAXKKKAKAAAAYY 
eee eee eeetatateteteteletetetete 


RRR VALID DATA IN 


OOO POV POV 


(14) 


‘TWLEH 


ZN WN 


TDVWH =I16) TWHDX{I7] 


OS SS 8S OS 8 OS wD RAKES 
ESSN KHIR 
PP PP POO DOOKIE 


rises, reference data setup and hold times to the E rising 
edge. The write operation is terminated by the first rising 
edge of W (T = 2) or E (T = 3). After the minimum E high time 
(TEHEL), the next cycle may begin. If a series of consecutive 
write cycles are to be performed, the W line may be held low 
until all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising of E. 


6-142 


HM-6516 


Performance Curve 
TYPICAL ICCDR vs T, 


-3 
-4 
-5 
-6 
-7 


LOG(I¢c/(1A)) 
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SEMICONDUCTOR 


~ HM-6516/883 


2K x 8 CMOS RAM 


aD 


January 1992 


Features 


This Circuit is Processed In Accordance to 
Mil-Std-883 and is Fully Conformant Under 
the Provisions of Paragraph 1.2.1. 


Description 


The HM-6516/883 is a CMOS 2048 x 8 Static Random Access Memory. 
Extremely jow power operation is achieved by the use of complementary 
MOS design techniques. This low power is further enhanced by the use of 


synchronous circuit techniques that keep the active (operating) power low, 
POM ROW Ot SANDY =sive tits ee? 275uW Max. Vion also gives fast Goes iie he pinout of rth Aneeioees is the 
¢ Low Power Operation ...... 5S5mW/MHz Max. popular 24 pin, 8 bit wide JEDEC standard which allows easy memory 
e Fast Access Time........... 120/200ns Max. board layouts, flexible enough to accommodate a variety of PROMs, 
¢ industry Standard Pinout : ROMS, ECHOMS and ROMS: 
e Single Supply................0.- 5.0V VCC ‘The HM-6516/883 is ideally suited for use in microprocessor based sys- 
° TTL Compatible tems. The byte wide organization simplifies the memory array design, and 
keeps operating power down to a minimum because only one device is 
¢ Static Memory Cells enabled at a time. The address latches allow very simple interfacing to 
recent generation microprocessors which employ a multiplexed address/ 
* High Output Drive data bus. The convenient output enable control also simplifies multiplexed 
¢ On-Chip Address Latches bus interfacing by allowing the data outputs to be controlled independent 
* Easy Microprocessor Interfacing of the chip enable. 
Pinouts 
HM1-6516/883 (CERAMIC DIP) HM4-6516/883 (CERAMIC LCC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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File Number 2999 


Specifications HM-6516/883 


Absolute Maximum Ratings Reliability Information 

Supply VONAQG ich sabe es eee awe ered eee eee wees +7.0V Thermal Resistance ................ Gia Bi 

Input or Output Voltage Applied for all Grades....... GND-0.3V to Ceramic DIP Package............. 48°C/W 8°C/W 
VCC+0.3V Ceramic LCC Package ............ 66°C/W 12°C/W 

Storage Temperature Range ................. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 

Junction Temperature... 6... cece eee cence +175°C Ceramic DIP Package ............ cece ccc ce cece cence 1W 

Lead Temperature (Soldering 10s)..............00000s +300°C Ceramic LCC Package .......... cece csc ceceeceees 0.75W 

ESD Classification ......... 0... ccc cee cee eee eeee Class1 Gate Count........... 0... ccc cece eee eeee 25953 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range................. eee +4.5V to +5.5V = Input High Voltage... 1... ce eee ee ee +2.4V to VCC 
Operating Temperature Range................ -55°C to +125°C + Data Retention Supply Voltage................... 2.0V to 4.5V 
Input Low Voltage... ... ee cc ce eee eee OV to +0.8V Input Rise and Fall Time .... 6.0... ee eee eee 40ns Max. 


TABLE 1. HM-6516/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
[anne | [| 
VCC = 4.5V 


PARAMETER SYMBOL 
High Level -55°C < Ta S$ +125°C 2.4 V 
10 = -1.0MA 
Low Level VCC = 4.5V -55°C < Ta $ +125°C 0. V 
Output Voltage 10 = 3.2mA 


(NOTE 1) 
CONDITIONS 


GROUP A 
SUBGROUPS 


Output Voltage 
High Impedance VCC =G=5.5V, 55°C < Ty $ +125°C 


Output Leakage VIO = GND or VCC 


Current 


-55°C s$ Ta Ss +125°C 


55°C < Ty $ +125°C 


VOL 
VCC = 5.5V, 
Vi = GND or VCC 
Operating Supply | ICCOP | VCC =G =5.5V, (Note 2) 
Current f = 1MHz, VI = GND or VCC 


Standby Supply ICCSB1 | VCC = 5.5V, HM-6516/883 
E = VCC-0.3V, 
10 = OmA, VI = GND or VCC 
VCC = 5.5V, HM-6516B/883 
E = VCC-0.3V, 
10 = OmA, VI = GND or VCC 


Current 

ICCDR vec = 2.0V, HM-6516/883 
E = VCC-0.3V, 
10 = OmA, VI = GND or VCC 


12.3 
12,3 

VCC = 2.0V, HM-6516B/883 

E = VCC-0.3V, 

1O = OmA, VI = GND or VCC 

Functional Test VCC = 4.5V (Note 3) 7, 8A, 8B 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mMA/MHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4.0mA, IOL = 4.0mA, VOH_ 1.5V, and VOLS 1.5V. 


55°C < Ty < +125°C 


-55°C < Ty < +125°C 


Data Retention 
Supply Current 


55°C < Ty < #125°C 


-55°C < Ty $ +125°C 


-55°C < Ty < +125°C 
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TABLE 2. HM-6514/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


: LIMITS 
GROUP HM-6516B/883 | HM-6516/883 
(NOTES 1, 2) A SUB- | 
PARAMETER SYMBOL CONDITIONS GROUPS | TEMPERATURE 


Chip Enable (1) TELQV | VCC =4.5 and 5.5V -55°C < Ty S$ +125°C 
Access Time | 

Address Access | (2) TAVQV | VCC =4.5 and 5.5V, -55°C < Ta < +125°C 
Time (Note 3) 


Chip Enable (9) TELEH VCC = 4.5 and 5.5V 9, 10, 11 
Pulse Negative | 
Width 


Chip Enable (10) TEHEL VCC = 4.5 and 5.5V 9, 10, 11 
Pulse Positive 

Width : 

Address Set-up | (11) TAVEL | VCC =4.5 and 5.5V -55°C < Ta S$ +125°C 
Time 

Address Hold (12) TELAX VCC = 4.5 and 5.5V 9,10,11 | -55°C < Ty < +125°C 

1 Time 

Write Enable (13) TWLWH | VCC = 4.5 and 5.5V -55°C < Ta $ +125°C 

Pulse Width 


Write Enable (14) TWLEH | VCC =4.5 and 5.5V 
Pulse Set-up 
Time 


Chip Selectionto | (15) TELWH | VCC = 4.5 and 5.5V 
End of Write 

Data Set-up Time | (16) TDVWH | VCC = 4.5 and 5.5V 
Data Hold Time | (17) TWHDX | VCC =4.5 and 5.5V 


Read or Write (18) TELEL VCC = 4.5 and 5.5V 
Cycle Time 


“55°C < Ta < +125°C 
NOTES: 


55°C < Ta $ +125°C 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


“55°C < Ta S$ +125°C 


-55°C < Ta $ +125°C 


-55°C < Tas 4+125°C J 120 


aan -5B°C < Ty < +125°C 


-55°C < Ta $ +125°C 


170 
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TABLE 3. HM-6516/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS | 
PARAMETER SYMBOL wx. | comms _ NOTES | TEMPERATURE | MIN. [| MAX | UNITS 
Input Capacitance VCC = Open, f = 1MHz, All Ty = +25°C pF 
Measurements Referenced 
to Device Ground 


VCC = Open, f = 1MHz, All Ty = +25°C pF 
Measurements Referenced 
to Device Ground 
Input/Output CciO VCC = Open, f = 1MHz, All Ty = +25°C pF 
Capacitance Measurements Referenced 
to Device Ground 
pF 


VCC = Open, f = 1MHz, All Ta = +25°C 
Measurements Referenced 
to Device Ground 
Chip Enable to Output | (3) TELQX | VCC =4.5 and 5.5V -55°C < ee < +125°C 
Valid Time 
Write Enable Output (4) TWLQZ | VCC =4.5 and 5.5V Semin sTas co 
Disable Time HM-65 16/883 
VCC = 4.5 and 5.5V 1 55°C $ Ty 5 +125°C 
HM-65 16B/883 
(5) TEHQZ | VCC =4.5 and 5.5V 55°C < Ty $ +125°C 
HM-65 16/883 | 
VCC = 4.5 and 5.5V ~55°C < Ty S$ +125°C 
HM-65 16B/883 
Output Enable (6) TGLQV | VCC =4.5 and 5.5V -55°C < Ta S$ +125°C 
Access Time 
Output Enable to (7) TGLQX | VCC =4.5 and 5.5V -55°C < Ta S$ +125°C 10 
Output Valid Time 
Output Disable Time (8) TGHQZ | VCC =4.5 and 5.5V -55°C < Ty $ +125°C 
HM-65 16/883 
VCC = 4.5 and 5.5V 1 -55°C < Ta < +125°C 
HM-6516B/883 
NOTES: 


1. The parameters listed in Table 3 are controlied via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to LCC device types only. 
3. Applies to DIP device types only. 


Chip Enable Output 
Disable Time 


TABLE 4. APPLICABLE SUBGROUPS 


a a 
a 
a 
a 
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Timing Waveforms 
READ CYCLE: HM-6516/883 and HM-6516B/883 
| | 3 (2) 


TAVOV_— 
TELAX LL (12}. 


(WW]-—} TAVEL TAVEL 
6.00.0, 0.0.0.0. 0. 0. 6-656 0-0'0 0,0, 09,8 VeVi 9%" 6.60.0. 0,00, 0,. 0,09, 
0,00, 0,0 PSS SSSI 41595 IOKIGN 
A PEEVES Cvatio | apo » ESI K I 052 eeetetetetateenet 
RRR ON VALID 4 Re ROI 0 ADD 
(10) (18) 
TEHEL Pee m 
TEHEL 
a a eed 
W 
TEHQZ (1) TELQV a i 
(5) TE a 
CX KX XA KAA AASLY 
BSSOOOOOOO’, 
pa eeetatetetetetetatets 


3 LLM _QWwWNX\ 


SOO OOS 


TA OUT 


| 


+ TGLOX (7) 


TIME 


REFERENCE 1 


0. 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 
enabled but data is not valid until time (T = 2), W must 


WRITE CYCLE: HM-6516/883 and HM-6516B/883! 


[12] 
(1) JI TELAX|. 


TAVEL 
Pad af af wl i oe ee 
RARER 

Parra rarerere”, 


VALIDADD 
(10) 


TEHEL 


A 


: Nenana 
PI -WTIW'N 


OOP, OCP VG AS, 
0525252525 290525 25052) 


‘es $24 
F555 5252900505 0 590909 OCK IIIA 


OOOVOY 


2 4 5 


remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out- 
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical “1” state 
(T =-1, 0, 3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 


UU) 
TAVEL 


NEXT ADD 


(14) 


‘TWLEH 


YS 


Po St hae Fe 
TOVWH =4(16) TWHDX (!7) 
me POY YUP SP AAMAAKARKR A KX) 
ASS S555. 252525250505 25 05252525050 
©0400, 


be 
OD OOV OOVOPCO 

QV PPODOOOOO 
K VALID DATA IN RSs ros wren ooo 


REFERENCE 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip 
registers. If a write cycle is to be performed where the output 
is not to become active, G can be held high (inactive). 
TOVWH and TWHDX_must be met for proper device 
operation regardless of G. If E and G fall before W falls (read 
mode), a possible bus conflict may exist. If E rises before W 


rises, reference data setup and hold times to the E rising 
edge. The write operation is terminated by the first rising 
edge of W (T = 2) or E (T = 3). After the minimum E high time 
(TEHEL), the next cycle may begin. If a series of consecutive 
write cycles are to be performed, the W line may be held low 
until all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising of E. 
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Test Circuit 


DUT ¢ 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY ; 
AND JIG CAPACITANCE: EQUIVALENT CIRCUIT 


ee ee ee ee ee i i ie i ee ee i er ied 


Burn-in Circuits 


HM-6516/883 CERAMIC DIP HM-6516/883 CERAMIC LCC 
© VCC 
vec 
Y Cc 
F10 AT aap Vee | 
Fo AGT AB es a 
Fe = EY 'z2}-A2 F12 
F7 ASTa 21) x FI F9 F141 
F6 Ars] 20-3 Fo Fe F12 
= “(6 op} A* F13 ef 
F4 Al 8} E FO F6 F1 
5 Aor DQ7 a F5 FO 
bs Dao rep DOs - F4 F13 > 
F2 pet fo) 5} OS F2 - ts S 
a caer ne ne F2 F2 = 
GND a aa] DQ3 F2 2 
V 5 
NOTES: 
All resistors 47kQ +5% se V of g 


FO = 100kHz + 10% 
VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 
VIL = -0.2V to +0.4V 
C1 = 0.01pF Min. 
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Metallization Topology 


DIE DIMENSIONS: 
186.6 x 199.6 x 19+ 1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 9kA - 13kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 7kA + 9kA 


DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Cerarnic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
0.5 x 10° A/cm? 


Metallization Mask Layout 
HM-6516/883 


AS A4 A5 AG A7 vcCc A8& AQ 


a 


si ah JET 1G. CaS EES ‘Ely 


Pe Sere Ge Se el Ae, htepta eee eae blanket Mane Sree Seek es, Rotel Ube aaiin thisierts dees eee seas dente 


WECOUeLatUinCeusmirdi tai relive cHaRsatsa TAG aANNLALNAN ALTE T Lele w CR eC eee 


ie) rey pat Foy a ney 


AO DQO0 DQi DQ2 GND DQ3 ~~ a4 DQS DQ6 DQ7 
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Packaging 
24 PIN CERAMIC DIP 
1.240 
1.270 
.005 MIN 
i 
225 MAX 
4 fy 
2018. | 150 MIN 
.060 
125 : | .098 MAX ao 
180 * .100 
ae BSC 
023 
.050° 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T24 
MATERIALS: Compliant to MIL-M38510 
32 PAD CERAMIC LCC 
> 
x 
re) 
= 
ul 
= 
Y”) 
‘e) 
= 
O 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, CQCC1-N32 


MATERIALS: Compliant to MIL-M38510 


NOTE: All Dimensions are ~, Dimensions are in inches. 
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@rmARRIS = HM-65162 


2K x 8 Asynchronous 


January 1992 CMOS Static RAM 

Features Description 

¢ Fast Access Time...........c0cceccecees 70/90ns Max The HM-65162 is a CMOS 2048 x 8 Static Random Access 

¢ Low Standby Current............cceeeeveee 50uA Max Memory manufactured sing whe nalrs poNenced se i 
process. The device utilizes asynchronous circuit design for 

e Low Operating Current ............eceeeee 70mA Max fast cycle time and ease of use. The pinout is the JEDEC 24 

© Data Retention at 2.0 Volts ............. <seeo0uAMax: PM UIP and.c2 pad 6: It wide standard winch allows easy 
memory board layouts flexible to accommodate a variety of 

¢ TTL Compatible Inputs and Outputs industry standard PROMs, RAMs, ROMs and EPROMs. The 


7 ; HM-65162 is ideally suited for use in microprocessor based 

evne mpproved incur 2716) One Tyee) systems with its 8 bit word length organization. The conve- 
¢ No Clocks or Strobes Required nient output enable also simplifies the bus interface by allow- 
ing the data outputs to be controlled independent of the chip 
enable. Gated inputs lower operating current and also elimi- 
¢ Single 5 Volt Supply nate the need for pull-up or pull-down resistors. 


¢ Equal Cycle and Access Time 


¢ Gated Inputs 
- No Pull-Up or Pull-Down Resistors Required 


Ordering Information 


TEMPERATURE 
RANGE 55ns/40uA" 70ns/20A* 90ns/40pA* 90ns/300pA* 


Ceramic DIP -40°C to +85°C | HM1-651625-9 | HM1-65162B-9 | HM1-65162-9 HM1-65162C-9 
/883"* -55°C to +125°C HM1-651628/883 | HM1-65162/883 HM1-65162C/883 


aa 

ee 

re ee eee 

er eee eee eet 
es ee ce 
ast 

* Access Time/Data Retention Supply Current. 


JAN# 


SMD# 


8403606ZA 8403602ZA 8403603ZA 


** Respective /883 specifications are included at the end of this data sheet. 


CAUTION: These devices are sensitive to electrostatic discharge. Users shauld follow proper |.C. Handling Procedures. File Number 3000 
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Pinouts 
24 LEAD DIP 32 LEAD LCC PIN NAMES 


TOP VIEW TOP VIEW 

[pm [__beScRIPTION 
[ne [ReComect 
[E_[ erp Eranarower Down 
TveweNo [rnd 
[—W[wieenatie 
[8 foweurenase 


9 mm > oe 4 


“ 


SZRBBERERB 


Zz 
©} 


£288 


8 


Functional Diagram 
hae Be 
- A 
A2 © 2 
re . Pei sie ROW 128 X 128 
A5 O BUFFER | x | OECODER MEMORY ARRAY 
A6 © 
_ 10F8 
ae 1. Bao 
128 z THRU 
8 paz 


rug 


CMOS MEMORY 


ol 


| pom @e= 
COLUMN DECODER | | 
i INPUT / OUTPUT (Xe) 
8 be 
ers 4 
pea — COLUMN 
ADDRESS BUFFER 
oe! 
Ast 
9 e o e 


AO A8& A9 A10 
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Absolute Maximum Ratings Reliability Information 

"Supply Voltage os dics aise seine oieice beneath wes +7.0V. Thermal Resistance ~ Gia Oe 
Input, Output or I/O Voltage. sie pacar Sare GND-0.3V to VCC+0.3V == Ceramic DIP Package............. 48°C/W 8°C/W 
Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 85°C/W 40°C/W 
Junction Temperature. ...... Psy agc ede aba ta Gaeta tantets +175°C | Maximum Package Power Dissipation at +125°C 
Lead Temperature (Soldering 10s)...............0000- +300°C Ceramic DIP Package. ..0.55.c0s sews ssenseedeuseb an . IW 
Typical Derating Factor ........... 5mA/MHz Increase in ICCOP Ceramic LCC Package ........... cece ccc eeesceane .0.58W 
ESD Classification ..... 0... ccc eee cee cece eens Class 1... Gate Count s.3 5 ds cist ayia detente eee eee 26000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................000e- +4.5V to +5.5V Operating Temperature Range 
. HM-65162S-9, HM-65162B-9, 
HM-65162-9, HM65162C-9.............00 05 -40°C to +85°C 


pe Electrical Specifications VCC = 5V + 10%; T, = -40°C to +85°C (HM-65162S-9, HM-65162B-9, HM-65162-9, HM-65162C-9) 


= Sew 
SYMBOL PARAMETER UNITS TEST CONDITIONS 
ICCSB1 Standby Supply Current HM-65162B-9, lO = OmA, 
E = VCC - 0.3V, VCC = 5.5V 


HM-65162S-9, HM65162-9, 
IO = OmA, E = VCC - 0.3V, 
VCC = 5.5V 


HM-65162C-9, IO = OmA, 
E = VCC - 0.3V, VCC = 5.5V 


aa 2.2V, 10 = OmA, VCC = 5.5V 
= 0.8V, 1O = OmA, VCC = 5.5V 


E = 0.8V, 1O = OmA, f = 1MHz, 
VCC = 5§.5V 


HM-65162B-9, IO = OmA, 
VCC = 2.0V, E = VCC - 0.3V 


HM-65162S-9, HM-65162-9, 
10 = OmA, VCC = 2.0V, 
E = VCC - 0.3V 


HM-65162C-9, IO = OmA, 
VCC = 2.0V, E = VCC - 0.3V 


VI = VCC or GND, VCC = 5.5V 
VIO = VCC or GND, VCC = 5.5V 
VCC = 4.5V 


= 


iCCSB Standby Supply Current 
ICCEN Enabled Supply Current 


ICCOP Operating Supply Current (Note 1) 


ICCDR Data Retention Supply Current 


N>TDN 
on >) 


: = 
> 


: 
> 


a a CO 
[vow [ouputien vorne Wow) | voces] |v _[=-10navoo=asv 


Capacitance T, = +25°C 


SYMBOL PARAMETER | MAX | OUNITS. TEST CONDITIONS 
Input Capacitance (Note 2) | 10 sf f = 1MHz, All measurer snts are 


+1.0 
+1.0 


VCC+0.3 


>) 
b 


referenced to device UND 


NOTES: 1. Typical derating SmA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 
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Specifications HM-65162 


AC Electrical Specifications Vcc = 5V + 10%, T, = -40°C to +85°C (HM-65162S-9, HM-65162B-9, HM65162-9, HM-65162C-9) 


LIMITS 
HM-65162S-9 | HM-65162B-9 | HM-65162-9 | HM-65162C-9 
sywso._| panawerer [un [wax | wn [wax | wn [wax f wn [ wax] units | conomons 
READ CYCLE 
TAA [Rowton J ]-]r]-]*°]-] |] ~ | wawna 
@ Tavav_[adtessAcesstine | - | | |] - | ©] - | | w [Womtas 
(3) TELQV Chip Enable Access 55 70 (Notes 1, 3) 
Time 
(4) TELQX Chip Enable Output 5 (Notes 2, 3) 
Enable Time 
(5) TGLQV Output Enable Access 35 50 65 65 (Notes 1, 3) 
Time 
(6) TGLQX Output Enable Output 5 (Notes 2, 3) 
Enable Time 
(7) TEHQZ Chip Enable Output 35 35 50 (Notes 2, 3) 
Disable Time 
(8) TGHQZ Output Enable Output 30 35 40 (Notes 2, 3) 
Disable Time 
(9) TAVQX Output Hold From 5 (Notes 1, 3) 
Address Change 
WRITE CYCLE 
(io) TAVAK [wivwotme [ ®]-[~]-]*]-]*™]-] = [wma 
(11) TELWH {| Chip Selection to End of 55 55 | (Notes 1, 3) 
Write 
fa TA [Adtoosotptine | 6 | - |] -[o]-|o]-| ~ | Wawro 
(13) TWLWH | Write Enable Pulse 40 40 (Notes 1, 3) 
Width 
(14) TWHAX | Write Enable Read 10 10 10 (Notes 1, 3) 
Setup Time as 
(15) TGHQZ | Output Enable Output 30 35 (Notes 2, 3) rs 
Disable Time > 
Lu 
(16) TWLQZ | Write Enable Output 30 50 (Notes 2, 3) = 
Disable Time o 
(17) TOWWH [OataSeupTime | 2 | - | 9 | - | oo | - | 0 | - | ms | (Notesi,a) = 
| (17) TOWH | | ed | 30 | a 
(18) TWHOX [DataHodtime fo | - Poo] - Pe fe Tm | tee.) 
(19) TWHQX _ j Write Enable Output (Notes 1, 3) 
Enable Time 
(20) TWLEH | Write Enable Pulse Set- 55 55 (Notes 1, 3) 
up Time 
(21) TDVEH Chip Enable Data 30 30 30 (Notes 1, 3) 
Setup Time 
Write 


NOTES: 


. Input pulse levels: 0 to 3.0V; input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5 and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


ah 
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HM-65162 


Timing Waveforms 
READ CYCLE 


TAVAX 1) 
TAVOV (2) 


ESINAAS 


7 TGLOVs, 
EA NQQsLxe 

TELQV3 rane 
Q Se 


TELOX(4) 


ADDRESS 


ae 


 TEHOZ  TEHOZ 


GG A4ELLL 
Ze ED 


NOTE: W is High for a Read Cycle 


Addresses must_remain stable for the duration of the read 
cycle. To read, G and E must be < VIL and W 2 IH. The 
output buffers can be controlled independently by G while E 
is low. To execute consecutive read cycles, E may be tied 


WRITE CYCLE | 


low continuously until all desired locations are accessed. 
When E is low, addresses must be driven by stable logic 
levels and must not be in the high impedance state. 


TAVAX (10) 


ADDRESS 


ri 


SSSA 


TWHAX 
(14) 


WV ZZZZ 


" SISSIES ; 


Se 


LLOQ OVYY 


PECCCCCCCCCOECES 


(17) TDVWH 
‘ (227AVWH 


TWHOX 
{19} KY 
XQ 


4. Oe, 
TWHDX 


NOTE: G is Low throughout Write Cycle 


To write, addresses must be stable, E low and W falling low 
for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W, (TOVWH and TWHDX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to the outputs must not 
be applied, (Bus contention). If E transitions . low 
simultaneously with the W line transitioning low or after the 
W transition, the output will remain in a mg impedance 
state. G is held continuously low. 
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Timing Waveforms (Continued) 
WRITE CYCLE ll 


awn —— 
TWHAXS \\\A 


(14) 


G3| 
< 
\ 


RNA NANS MTLLLLLL. 
. SES err 
0 SISO 

» OKO ere 


b IS 
TDOVWH . TWHDX 


(17) (18) 


In this write cycle G has control of the output after a period, TGHQZ. When W transitions high, the data in can change 
TGHQZ. G switching the output to a high impedance state after TWHDX to complete the write cycle. 
allows data in to be applied without bus contention after 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


1. Chip Enable (E) must be held high during data retention; within 3. Inputs which are to be held high (e.g., E) must be kept between a 
VCC - 0.3V to VCC + 0.3V. VCC + 0.3V and 70% of VCC during the power up and down Oo 

2. On RAMs which have selects or output enables (e.g., S, G), one transitions. = 
of the selects or output enables should be held in the deselected 4. The RAM can begin operation > 55ns after VCC reaches the min- = 
State to keep the RAM outputs high impedance, minimizing imum operating voltage (4.5 volts). ” 
power dissipation. 2 

Oo 

DATA RETENTION TIMING 


DATA 
RETENTION 
TIMING 


vec VCC > 2.0V 


E SSS SL VCC -0.3V TO VCC +0.3V 
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HM-65162 


Performance Curve 
TYPICAL ICCDR vs T, 


Voc = 2.0V 


((w4)/991)907 


Ta(l®C) 
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wo HARRIS HM-65162/883 


2K x 8 Asynchronous 
January 1992 CMOS Static RAM 


Features Description 


¢ This Circuit is Processed in Accordance to Mil-Std-883 The HM-65162/883 is a CMOS 2048 x 8 Static Random 
and is Fully Conformant Under the Provisions of Access Memory manufactured using the Harris Advanced 
Paragraph 1.2.1. SAJI V process. The device utilizes asynchronous circuit 
¢ Fast Access Time............0cesceceues 70/90ns Max design for fast cycle time and ease of use. The pinout is the 
JEDEC 24 pin DIP, and 32 pad 8 bit wide standard which 


a; Owe peace CODON perce erie peaenns scot ia allows easy memory board layouts flexible to accommodate 
¢ Low Operating Current ............ccceeeee 70mA Max =a variety of industry standard PROMs, RAMs, ROMs and 
° Data Retention at 2.0 Volts ...........0.0085 201A Max EPROMs. The HM-65162/883 is ideally suited for use in 


microprocessor based systems with its 8 bit word length 


2 aE Compelbie Inputs eng Catpuls organization. The convenient output enable also simplifies 


¢ JEDEC Approved Pinout (2716, 6116 Type) the bus interface by allowing the data outputs to be 
e No Clocks or Strobes Required controlled independent of the chip enable. Gated inputs 
* Wide Temperature Range ............. 55°C to +125°C lower operating current and also eliminate the need for pull- 


up or pull-down resistors. 
¢ Equal Cycle and Access Time 


Single 5 Volt Supply 


Gated Inputs 
- No Pull-Up or Pull-Down Resistors Required 


Pinouts 
HM1-65162/883 (CERAMIC DIP) HM4-65162/883 CERAMIC LCC) PIN NAMES 


TOP VIEW TOP VIEW 

[in [DESCRIPTION 
[= [ip nabiePower Bown 
[6 foweaenane 


rr 


mi > 
ss 
°o 


> 
o 
\e) 
= 
Lu 
= 
a” 
\e) 
= 
O 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3001 
Copyright © Harris Corporation 1992 6-159 
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Functional Diagram 


Reuresw = 


ROW 
ADDRESS 
BUFFER 


128 X 126 
MEMORY ARRAY 


ol 


=i 


AQ AS A9 A10 
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Specifications HM-65162/883 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage eee vs esa foe Sees dee ease ees +7.0V Thermal Resistance Ge Ve 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 48°C/W 8°C/W 
Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 85°C/W 40°C/W 
Junction Temperature. ......... 0. cece cece eee eens +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)..............2.-05- +300°C Ceramic DIP Package........ cece cece ere rete eeees 1W 
Typical Derating Factor .......... 1.5mA/MHz Increase in ICCOP Ceramic LCC Package .......... 0. cece cece e ee enees 0.58W 
ESD Classification ... 2.0... 0... cece centre eens Class:1 Gate Count cco cad eke ei oie sw WONG RS Sea 26000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.............. eee +4.5V to +5.5V = Input High Voltage... . 0... cece ee eee -2.2V to VCC 
Operating Temperature Range................ -55°C to +125°C Data Retention Supply Voltage............... eee 2.0V to 4.5V 
Input Low Voltage... 6. cece cece ee ee ee eee eee OV to +0.8V Input Rise and Fall Time... 6... cc ce cee ween 40ns Max. 
Chip Enable High/Low Time... ......... ec eee ee eee 40ns (Min) 


TABLE 1. 65162/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


LIMIT 
(NOTE 1) GROUP A | 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX | UNITS 
High Level Output VOH1 |VCC=4.5V,10=-1.0mA 55°C ST, 4125°C | 2.4 Vv 
Voltage 
Low Level Output VOL VCC = 4.5V, |O = 4.0mA -55°C s Ta s +125°C V 
Voltage . 


VCC = 5.5V, G = 2.2V, or 
E = 2.2V, VIO = GND or VCC 


High Impedance 
Output Leakage 
Current 


Input Leakage VCC = 5.5V, 
Current Vl = GND or VCC 
Standby Supply ICCSB1 HM-65162B/883, |O = OmA, 


Current VCC = 5.5V, E = VCC -0.3V 


HM-65 162/883, 10 = OmA, 
VCC = 5.5V, E = VCC - 0.3V 


HM-65162C/883, IO = OmA, 


“55°C < Ty $ +125°C 


wee 


VCC = 5.5V, E = VCC - 0.3V 


Standby Supply ICCSB vec = 5.5V, |O = OmA, -55°C < Ty S$ +125°C mA 
Current E=2.2V 


VCC = 5.5V, G = 5.5V, 
(Note 2), f = 1MHz, E = 0.8V 


Operating Supply ICCOP 


Current 


Data Retention 
Supply Current 


HM-651628/883, [0 = OmA, 
VCC = 2.0V, E = VCC -0.3V 


HM-65 162/883, iO = OmA, 
VCC = 2.0V, E = VCC - 0.3V 


HM-651 62C/883, IO = OmA, -55°C < Ty S$ +125°C 
VCC = 2.0V, E = VCC -0.3V 
Functional Test Le 


VCC = 4.5V (Note 3) 7,8A,8B | -55°C<T,< +125°C 
NOTES: 


1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 
TTL gate equivalent, CL = SOpF (min) - for CL greater than 50pF, access time by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 
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CMOS MEMORY 


Specifications HM-65162/883 


TABLE 2. HM-65162/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested. 


| GROUP A | 
(NOTES 1,2)|  SUB- TEMPERA- 
PARAMETER SYMBOL | CONDITIONS| GROUPS TURE 


Read/Write/ (1) TAVAX voc = 4.5V |} 9, 10,11 -§5°C < Ta S$ 70 
Cycle Time and 5.5V +125°C 
Address . (2) TAVQV VCC = 4.5V -55°C < Ty < 
Access Time land 5.5V +125°C 
Chip Enable (3) TELQV VCC = 4.5V 9, 10, 11 -55°C ST, $ 
Access Time | and 5.5V +125°C 
Output Enable (5) T@LQV- | VCC =4.5V -55°C <Ta < 
Access Time and 5.5V +125°C 

Chip Selection | (11) TELWH VCC = 4.5V 9, 10, 11 -55°C <T,a < 

to End of Write and 5.5V +125°C 


°o 


(12) TAVWL | VCC =4.5V | 9,10,11 | -55°C<T, s | 10 
and 5.5V +125°C 
Write Enable | (13) TWLWH | VCC =4.5V 55°C <Ty < 
Pulse Write and 5.5V +125°C 
Write Enable (14) TWHAX | VCC =4.5V ST, Ss 
Read Setup and 5.5V 
Time | 
DataSetup | (17) TDVWH |vcc=4.5v | 9,10,11 | -55°C<T, < | 30 
Time» and 5.5V +125°C 
Data Hold Time | (18) TWHDX j| VCC = 4.5V 9, 10, 11 -55°C <T,a < 10° 
| and 5.5V | +125°C | 


Write Enable (20) TWLEH VCC = 4.5V -55°C <T,y < 
Pulse Setup | and 5.5V 
-| Time 


— _ 
oO o 


Chip Enable (21) TDVEH VCC = 4.5V -55°C <T, s 
Data Setup and 5.5V 
Time _ ) 


Address Valid (22) TAVWH VCC = 4.5V 
to End of Write and 5.5V 


NOTES: 


-55°C sTa < 
+125°C 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent, CL = SOpF (min) - for CL greater than SOpF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 
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F 
F 
F 
F 


10 


+125°C 


wi 

ar 

ei 
40 


| Output Disable 
to Output in 
High Z 


Output Hold 
from Address 
Change 


40 


Input CIN VCC = Open, | 10 p 
Capacitance F = 1MWz, All 
Measurements 
Referenced To 
Device Ground 
VO Cli/O 
Capacitance 
Referenced To 
Device Ground 
Chip Enable to (4) VCC = 4.5V and 1 
Output ON TELQX | 5.5V 
Output Enable (6) VCC = 4.5V and 1 
to Output ON TGLQX | 5.5V 
Chip Enable (7) 
TEHQZ | 5.5V 
Output in High Z |} TWLQZ 
Write Enable (19) 
High to Output TWHQX | 5.5V 
ON 
Output High VOH2 | VCC = 4.5V, 1 -55°C < Tas | VCC - VCC - 
Voltage 1O = -100pnA +125°C 0.4V 0.4V 
NOTES: 
1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 


VCC = Open, 
High to Output 
(8) 
TGHQZ | 5.5V 
characterized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 3. HM-65162/883 ELECTRICAL PERFORMANCE CHARACTERISTICS, A.C. AND D.C. 
F = 1MWz, All 
In High Z 
(9) 
TAVQX | 5.5V 
2. Applies to DIP device types only. 


LIMITS 
HM-65162B/ HM-65162/ HM-65162C/ 
TEMPERA- ta ae oe 
PARAMETERS | SYMBOL NOTES TURE 
Measurements 
Write Enable to (16) 
3. Applies to LCC device types only. 


Vv 


< 
=) 
QO 
ab o 


TABLE 4. APPLICABLE SUBGROUPS 


a 
OO 
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HM-65 162/883 


Timing Waveforms 


Ee 


VZ7 eee 


READ CYCLE 
TAVAX 1) 
TAVOV 2 
F NSA 
a | TGLOVs, 
E A QNisioxe 
Q 


TELQX(4) 


NOTE: W is High for a Read Cycle 


Addresses must | remain stable for the duration of the read 
cycle. To read, G and E must be < VIL and W 2 IH. The 


output buffers can be controlled independently by G while E 


is low. To execute consecutive read cycles, E may be tied 


‘WRITE CYCLE | 


low continuously until all desired locations are accessed. 
When E is low, addresses must be driven by stable logic 
levels and must not be in the high impedance state. 


TAVAX (10) 


ADDRESS 


E SSS 


TWHAX 
(14) 


w een ; 


116) TWLOZ 
\ 7 \/ 
GD XCr 


ECE CCC S 


(17) TDVWH 
‘ ive 


SOOO 


TWHOX 
(19) 


a Ny 
TWHDX 


NOTE: G is Low throughout Write Cycle 


To write, addresses must be stable, E low and W falling low 
for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W, (TOVWH and TWHDX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to the outputs must not 
be applied, (Bus contention). If E transitions low 
simultaneously with the W line transitioning low or after the 
W transition, the output will remain in a high impedance 
state. G is held continuously low. 
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Timing Waveforms (Continued) 
WRITE CYCLE 


a 
Ad SWIG 


(14) 


NS NSN (OSSILEL 
SEANINGON hall 2900004 
seo | et 

ok poe 


(3 . 


(17) | (18) 
In this write cycle G has control of the output after a period, TGHQZ. When W transitions high, the data in can change 


TGHQZ. G switching the output to a high impedance state after TWHDX to complete the write cycle. 
allows data in to be applied without bus contention after 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


1. Chip Enable (E) must be held high during data retention; within 3. Inputs which are to be held high (e.g., E) must be kept between or 
VCC - 0.3V to VCC + 0.3V. VCC + 0.3V and 70% of VCC during the power up and down oO 

2. On RAMs which have selects or output enables (e.g., S, G), one transitions. = 
of the selects or output enables should be held in the deselected 4. The RAM can begin operation > 55ns after VCC reaches the min- = 
State to keep the RAM outputs high impedance, minimizing imum operating voltage (4.5 volts). w” 
power dissipation. ° 

Oo 


DATA RETENTION TIMING 


D. 
RETENTION 
TIMING 


vec VCC >2.0V 


E SSS / Ss VCC -0.3V TO VCC +0.3V 
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Test Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, 
res ae A eiTAliok i EQUIVALENT CIRCUIT 
Burn-in Circuits 
HM-65162/883 CERAMIC DIP HM-65162/883 CERAMIC LCC 
vcc as oVCC 
y c i 
A7 vcc 
F10 1 24] i 
ce aed 2 | '23}-A8 Fu b | 
Fe AST AS F12 
F7 A4 | 4 | 21 w F1 ue _ 
F9 5 F11 
Fe A3 GW aoLS - . 5} 
A2 A10 F8 6} F12 
ad 
_ ~ ie} Fo as Fa3 
AO DQ7 ce PS. Fi 
F3 8 | F2 = a3 
Dao ; DQa6 ‘eG ae 
= o ie Fé 19% F13 
1 oh 
“94 
re oe 14} F2 Ne [12 - 
‘ -a 
GND 2 ra -222 - - poor a 
\/ 


NOTES: NOTES: 

All resistors 47KW +5% All resistors 47kW +5% 

FO = 100kHz +10% 7 FO = 100kHz +10% 

Fi =FO+2,F2=F1+2,F3=F2+2...F13=F12+2 Fi =FO+2,F2=F1+2,F3=F2+2...F19=F12+2 
VCC = 5.5V +0.5V VCC = 5.5V +0.5V 

VIH = 4.5V +10% VIH = 4.5V +10% 

VIL = -0.2V to +0.4V VIL = -0.2V to +0.4V 

C =0.01pF Min. C = 0.01pF Min. 
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Metallization Topology 


DIE DIMENSIONS: 
186.2 x 200.1 x 19 + 1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.7 x 10° A/cm? 


Metallization Mask Layout 
HM-65162/883 


A3 A4 AS A6 AZ vcc A8& 


G 


Src 28. VST ELE rafs bis 
+ | a val Thee i} a0 
aan | er oc 


Prt S se 
Se a ett lee 


te te 
sh TMD ts 
art pe 


DQO DQ1 DQ2 GND DQ3 
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Packaging 
24 PIN CERAMIC DIP 
1.240 
1.270 
.005 MIN 
eo 
225 MAX is 
as 
2015 150 MIN 
060 “a 
125, 098 MAX 5 
-180 iciete pee .015 
(023 
.050 
“OES * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T24 


MATERIALS: Compliant to MIL-M38510 


32 PAD CERAMIC LCC 


.540 
.560 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, CQCC1-N32 
MATERIALS: Compliant to MIL-M38510 


NOTE: All Dimensions are oad Dimensions are in inches. 
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Features 


Fast ACCOSS TUG bic cce Sie ie eee o6 eS Ai ese WSS oh a eh Oe Gees 70/85ns Max 
Low Standby Current s..:0.c:cs cas ee hee sic is eter cedas 6 dbeedued lene sates 50uA Max 
Low. Operating Current cccxienawws co swore ewes Sarees ie 6 de ece a cies sees 50mA Max 
Data Retention at 2.0 Volts ........ 0. cc ccc cc cet cee reece new enenes 20A Max 
TTL Compatible inputs and Outputs 

JEDEC Approved Pinout 

No Clocks or Strobes Required 

TOMperature RANG scien a vesa we ev yw wo eA wes oka eee ere ene + 55°C to +125°C 
Equal Cycle and Access Time 

Single 5 Volt Supply 

Gated Inputs-No Pull-Up or Pull-Down Resistors Required 


Description 


The HM-65262 is a CMOS 16384 x 1 bit Static Random Access Memory manufactured using the Har- 
ris Advanced SAJI V process. The device utilizes asynchronous circuit design for fast cycle times and 
ease of use. The HM-65262 is available in both JEDEC standard 20 pin, 0.300 inch wide DIP and 20 
pad LCC packages, providing high board-level packing density. Gated inputs lower standby current, 
and also elminate the need for pull-up or pull-down resistors. 

The HM-65262, a full CMOS RAM, utilizes an array of six transistor (6T) memory cells for the most stabie 
and lowest possible standby supply current over the full military temperature range. In addition to this, the 
high stability of the 6T RAM cell provides excellent protection against soft errors due to noise and alpha par- 
ticles. This stability also improves the radiation tolerance of the RAM over that of four transistor (4T) devices. 


Functional Diagram 


28 

COLUMN DECODER 

(1 OF 128) 

AND 1/0 CIRCUITRY 

fe) 
COLUMN 

ADDRESS BUFFERS 


Ordering Information 


[PACKAGE | TEMP.RANGE | 7One/Z0uA" | “eGne/20,a" | “@5ne00,A" 
Ceramic DIP HM-65262.9 
jess | Bs" to v125"6 [HM-eszeanrees [HwTeseea—ss | 
JAN [2o1008RA__[zerosena | 
SMD# reaiazoana__[esrsooina | ——s 
“55°C to +125°C | HM4-652628/883 | HM4-65262/883 | - | 

faoioeava_|zovoseva | 

[eaisooava_[eataootva | ——s 


* Access Time/Data Retention Supply Current 
** Respective /883 specifications are included at the end of this data sheet. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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Pinouts 
20 LEAD DIP 
TOP VIEW 


20 LEAD LCC 
TOP VIEW 


Ai2 
ROW MEMORY ARRAY Alt 
DECODER 128 X 128 
(1 OF 128) A10 
AQ 
1 
As 


[a0 at3_[ Address input | 
Mas 
Power Down 
(a | baaon | 
[| Patan 


VSS/ 
GND 


Por 
Write Enable 


File Number 3002 


> 
cc 
\e) 
= 
Lu 
= 
~”) 
O 
= 
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Specifications HM-65262 _ ot *S 


Absolute Maximum Ratings Reliability Information 


* SUPP VONAGE ooo ce took aa Satine ta Ge ehssaeaee Sees +7.0V Thermal Resistance.................. Bia Bic 
Input or Output Voltage Applied for all grades ...... -0.3V to VCC+0.3V Ceramic DIP Package .............. 66°C/W 13°C/W 
Storage Temperature Range .................006 ~65°C to +150°C Ceramic LCC Package.............. 85°C/W 40°C/W 
Junction Temperature... 0... 6... e eect eens +175°C | Maximum Package Power Dissipation at +125°C 
Lead Temperature (Soldering 10S)..............2cceeeeaee +300°C Ceramic DIP Package ............. 0. ccc cee ec eee 0.75W 
‘Typical Derating Factor................ 5mA/M#Hz Increase inICCOP Gate Count .......... 00. c eet e tees 26256 Gates 
ESD Classification .....0. 0... ccc cc ccc cee te teen ees Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range...............6. eee +4.5V to +5.5V Operating Temperature Range 
HM-65262B-9, HM-65262-9, HM-65262C-9 ..... -40°C to +85°C 


DC Electrical Specifications vCc = 5v + 10%; T, = -40°C to +85°C (HM-65262B-9, HM-65262-9, HM-65262C-9) 


LIMITS 


SYMBOL PARAMETER 


Standby Supply Current 


ICCSB1 HM-65262B-9, HM-65262-9, IO = OmA, 


E = VCC - 0.3V, VCC = 5.5V 


HM-65262C-9, IO = OMA, 
E = VCC - 0.3V, VCC =5.5V 


ICCSB Standby Supply Current 
ICCEN Enabled Supply Current 


ICCOP {| Operating Supply Current (Note 1) 


ICCDR Data Retention Supply Current 


VCC = 2.0V, E= VCC 


ICCDR1 


Data Retention Supply Current 


HM-65262B-9, HM-65262-9, 
VCC = 3.0V, E= VCC 


voor 
[woe [ouput votase iowa fvecos| - | v [o=s0mavoomasv 


Capacitance T, = +25°C | 


SYMBOL _ PARAMETER | MAX UNITS TEST CONDITIONS 
Input Capacitance (Note 2) | 10 f = 1MHz, All measurements are 
f d to device GND 


NOTES: 1. Typical derating 5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


ha 
aw 
ak 
ca HM-65262B-9, HM-65262-9, 
oa 
| 850 
mae 
| +0 | 
aie) 


a 
a 
a 
a 
ae 
=< 
= 
= 
eae 
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AC Electrical Specifications vcc =5v 10%, TA = -400C to +850C (HM-65262B-9, HM-65262-9, HM-65262C-9) 


LIMITS 


Ei 


READ CYCLE 
(2) TAVQV Address Access Time | = [88 | | = | | ns | (Notes 1, 3) | 
7 ee es 


(3) TELQV 

Hal 
Bel baa 
Ka bas 


(Notes 1, 3) 


coe 
Baile 


(Notes 1, 3) 


Chip Enable Access Time 
Chip Enable Output Enable 


Time 


Eo 

ake 
Chip Disable Output Hold a oe 
Time 


(5) TEHOX 


(6) TAXQX Address Invalid Output Hold 


Time 


(7) TEHQZ Chip Enable Output Disable 


Time 


WRITE CYCLE 
(8) TAVAX 
(9) TELWH 


Write Cycle Time 


Chip Selection to End of 
Write 


Write Enable Pulse Width 


ia 
ame 


(10) TWLWH 
(11) TAVWL 
(12) TWHAX 
(13) TDVWH 
(14) TWHDX 
(15) TWLQZ 


45 
Address Setup Time 
Address Hold Time 


(Notes 1, 3) 
(Notes 1, 3) 


(Notes 2, 3) 
(Notes 2, 3) 


= 
= 
= 
= 
=< 
Tre | asa 
= 
= 
= 
= 
es 
= 


45 
Data Setup Time 35 | 


30 
Data Hold Time 
30 


Write Enable Output Disable 
Time 


ae 
on 
ae 
ee 
om 
Write Disable Output Enable cz 
Time 
ae 
ss 
Ese 
ce! 
Ens 


(16) TWHQX 


— 


17) TAVWH_ | Address Valid to End of Write 


—_ 


18) TAVEL Address Setup Time 
19) TEHAX Address Hold Time 

(20) TAVEH 
21) TELEH 
(22) TWLEH 


(Notes 1, 3) 
(Notes 1, 3) 


— 


Address Valid to End of Write 
Enable Pulse Width 


(Notes 1, 3) 
(Notes 1, 3) 


(Notes 1, 3) 


ps 
TENOR Ce ce A 
NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5 and 5.5V. 


CMOS MEMORY 


— 


al 5 
re 
Oe oe 
oie oe 
Ea 
ox ae 
ee ae 
eae ee 
oe 
ee 
hoe oe 

Write Enable Pulse Setup fo a 

Time 

(23) TDVEH Chip Setup Time 


70 

70 

30 
eal 
Ee 
ee! 
bers 
aoe 
Lee 
ee 
eae 
a 
oe 
Ce 
—s 
ee 


Data Hold Time 


Eee 
ieee 
zoe 
=a 
Lees 
a 
ed 
bese 
feted 
pee 
ee 
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Timing Waveforms 


READ CYCLE 1: CONTROLLED BYE 


BO DOQQQODOOKR ROKK 


E 7 
TEHOZ ——> 
TELOX 5) ue 
(4) TEHQX : <_— 


a OR a ROO > 


NOTE: Wis high for entire cycle and D is ignored. Address is stable by 
the time E goes low and remains valid until E goes high. 


READ CYCLE 2: CONTROLLED BY ADDRESS 


———___—_————— TAVAX —_____________—> 


TAT 
TAVQV 
(2) 
" KX 47, 
: TEHQZ 
TELOX (4) 
TAXOX (6) 


en 0-0-0.0.0.0.0.0:0.0:0.6.¢ GEE OOOCOCS 


NOTE: W is high for the entire cycle and D is ignored. E is stable prior 
to A becoming valid and after A becomes invalid. 


WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 


18} 
| t TAVAX aed 
A XK ssi‘ ‘COOK 
7 
TAVWH 117) TWHAX (12 
TELWH (9) 
E “ 
R\ KOS HS / RK 
{7} 
TEHQZ ——~> 
R\ \K 
TWHDX (14) 
SE ce Oe eae 
DO KKK KKK KK ROO — KKK 
TWLQZ 
Tetox = "9 TWHOX (16) 
(4) —P 
Q COXKX XX XXX xx XK XXKOOD 


NOTE: In this mode, E rises after W. The address must remain stable 
when- ever both E and W are low. 
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Timing Waveforms (Continued) 


WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 


A 
TAVEL —>| |}~«+————— TELEH (19) 
E (21) 
RN AN AX §s t/ / # (16) 


TWHOX 


(24) 
TEHDX 


» SORE II 


Sl 
TELOX 
Q COO (OXOO>O 


(15) (7) 
TWLOQZ TEHQZ 


NOTE: In this mode, W rises after E. If W falls before E by a time 
exceeding TWLQZ (Max) TELQX (Min), and rises after E by a 
time exceeding TEHQZ (Max)-TWHQZ (Min), then Q will 
remain in the high impedance state throughout the cycle. 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


_ 1. Chip Enable (E) must be held high during data retention; 3. Inputs which are to be held high (e.g., E) must be kept 
within VCC to VCC + 0.3V. between VCC + 0.3V and 70% of VCC during the power 


2. On RAMs which have selects or output enables (e.g., S, up and down transitions. 


G), one of the selects or output enables should be held in 4. The RAM can begin operation > 55ns after VCC reaches 
the deselected state to keep the RAM outputs high the minimum operating voltage (4.5 volts). 
impedance, minimizing power dissipation. 


DATA RETENTION TIMING 


~<«——— DATA RETENTION 
MODE 


vec VCC > 2.0V 


E Vj ssbs Ibs, VCC -0.3V TO VCC +0.3V WS 
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HM-65262 


Performance Curve 
TYPICAL ICCDR vs T, 


((wt) 997) 91901 


Ta (9C) 
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Gy FARRIS 


SEMICONDUCTOR 


HM-65262/883 


16K x 1 Asynchronous | 


January 1992 CMOS Static RAM 
Features Pinouts 
HM ERAMIC DIP 
e This Circuit is Processed in Accordance to Mil-Std-883 and is act ae eo 
Fully Conformant Under the Provisions of Paragraph 1.2.1. 
e Fast Access Time. ...... 2... ccc cence cece wees 70/85ns Max 
e Low Standby Current........ 00.0. cece eee cccceeces 50,A Max 
e Low Operating Current ...........ccccccecccccee - 50mA Max 
¢ Data Retention at 2.0 Volts .......... rr ree 20A Max 


e TTL Compatible Inputs and Outputs 
e JEDEC Approved Pinout 
¢ No Clocks or Strobes Required 


¢ Temperature Range..................20000- + 55°C to +125°C 
e Equal Cycle and Access Time 

e Single 5 Volt Supply 

¢ Gated Inputs-No Pull-Up or Pull-Down Resistors Required 
Description 


The HM-65262/883 is a CMOS 16384 x 1 bit Static Random Access 
Memory manufactured using the Harris Advanced SAJI V process. The 
device utilizes asynchronous circuit design for fast cycle times and ease 
of use. The HM-65262/883 is available in both JEDEC standard 20 pin, 
0.300 inch wide DIP and 20 pad LCC packages, providing high board- 
level packing density. Gated inputs lower standby current, and also elmi- 
nate the need for pull-up or pull-down resistors. 


The HM-65262/883, a full CMOS RAM, utilizes an array of six transistor 
(6T) memory cells for the most stable and lowest possible standby sup- 
ply current over the full military temperature range. In addition to this, the 
high stability of the 6T RAM cell provides excellent protection against soft 
errors due to noise and alpha particles. This stability also improves the 
radiation tolerance of the RAM over that of four transistor (4T) devices. 


TOP VIEW 


Functional Diagram 


Chip Enable/ 
Power Down 


Powe 


CMOS MEMORY 


COLUMN DECODER 
(1 OF 128). 
AND 1/0 CIRCUITRY 


A 
N 


7 
COLU 
ADDRESS BUFFERS 


=I 


CAUTION: These devices are sensitive to electrostatic discharge, Users should follow proper |.C. Handling Procedures. File Number 3003 
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Specifications HM-65262/883 


Absolute Maximum Ratings Reliability Information 

Supply VoWage 3.c-5.o.05554 284 od eel oe ee Ries ees +7.0V Thermal Resistance.................. Bia Bic 

Input or Output VoltageApplied for all grades....... -0.3V to VCC+0.3V Ceramic DIP Package .............. 66°C/W 13°C/W 
Storage Temperature Range ...................0. -65°C to +150°C Ceramic LCC Package.............. 85°C/W 40°C/W 
Junction Temperature... .. Tee Cee er +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)...................0008- +300°C Ceramic DIP Package .............. 0. cee eee eee ... 0.75W 
Typical Derating Factor................ 5mA/Mkz Increase inICCOP Gate Count ............. areas eee ere eee 26256 Gates 
ESD Classification ....... 0. ccc cece ect e ener ee nens Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.................005. +4.5V to+5.5V =‘ Input High Voltage (VIH)................ ee eens -+2.2V to VCC 
Operating Temperature Range................ -55°C to +125°C Data Retention Supply Voltage................... 2.0V to 4.5V 
Input LOW VONAGE... ce ccna cee ewes wea eee seen OV to +0.8V Input Rise and Fall Time.......... 0.0.0... 0. eee eee 40ns Max. 


TABLE 1. HM-65262/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


(NOTE 1) GROUP A 
D.C. PARAMETER SYMBOL CONDITIONS SUB-GROUPS | TEMPERATURE 


High Level Output Voltage | VOH1 | VCC =4.5V, 10 =-4.0mA | 1,2,3 | -55°CsTa<+125°C 
Low Level Output Voltage VCC = 4.5V, |O = 8.0mA ae -55°C<T,S+125°C 
loz 


High Impedance Output VCC =5.5V, E = 5.5V, VO = GND -55°CST,s+125°C 
Leakage Current or VCC 


5 < 
Input Leakage Current | | WCC =5.5V, VI = GND or VCC -55°CST4<+125°C 


Standby Supply Current ICCSB1 | VCC =5.5V, 10 = Oma, E = VCC - oo -55°C<ST,S+125°C 
0.3V 


el 
Mi 
Casommeas | 
a 
< 


Operating Supply ICCOP {VCC =5.5V, (Note 2), f = 1MHz, E -55°CSTy<4+125°C 
Current = 0.8V 

Data Retention Supply ICCDR + | VCC =2.0V, 10 =0mA, E= VCC - -§5°C<T,<+125°C 
Current 0.3V 


Enable Supply Current ICCEN | VCC =5.5V, 10 = OmA, E = 0.8V 1,2,3 -55°C<T p<+125°C 
FT |VCC=4.5V (Note 3) - -55°C<T,<+125°C 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


1,2,3 
1,2,3 
7, 8A, 8B 


TABLE 2. HM-65262/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP A 


Device Guaranteed and 100% Tested 
HM-652628/883 | HM-65262/883 
(NOTES 1,2) SUB- TEMPERA- LIMITS LIMITS 
TURE 


A.C. PARAMETERS | SYMBOL CONDITIONS GROUPS 


Read/Write/Cycle (1) TAVAX | VCC = 4.5V and 5.5V ere -55°C<TaS+125°C | 70 
Time 


Address Access Time | (2) TAVQV | VCC =4.5V and 5.5V -55°C<TaS4+125°C 


Chip Enable to Endof | (3) TELWH | VCC =4.5Vand5.5V]} 9, 10, 11 -55°CST,S$+125°C 
Write 
Chip Enable Access | (4) TELQV | VCC =4.5Vand5.5V{ 9,10,11 | -55°C<T,<+125°C 
Time 


Address Hold Time (5) TWHAX [VCC =4.5Vand5.5V| 9, 10,11 | -55°C<T,<+125°C 


70 
70 
Address Setup Time | (6) TAVWL | VCC =4.5Vand5.5V| 9, 10,11. | -55°C<T,<+125°C 


L = < 
Address Valid to End | (7) TAVWH | VCC = 4.5V and 5.5V -55°C<T,S4125°C 
of Write 


Address Setup Time | (8) TAVEL [VCC = 4.5V and 5.5V ~55°CsTast+125°C 


Address Hold Time | (9) TEHAX | VCC = 4.5V and 5.5V -55°C<ST,S$+125°C 


Address Valid to End | (10) TAVEH | VCC = 4.5V and 5.5V -55°CSTS4+125°C 
of Writes 


CAUTION: These devices are sensitive to electronic discharge. Proper \C handling procedures should be followed. 
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TABLE 2. HM-65262/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Guaranteed and 100% Tested 
HM-65262B/883 | HM-65262/883 
TEMPERA- LIMITS LIMITS 
UNITS 


(NOTES 1,2) 
A.C. PARAMETERS | SYMBOL CONDITIONS TURE 


Write Enable Pulse (11) ~TWLWH | VCC = 4.5V and 5.5V | 9, 10, 11 -55°CSTaS+125°C 
Write 


an wax 
{mei icine vata Slab nite Hal S60 
PataHoa Tine [ig] TWHOX [Voo=4sVerdsav] a.10.11 | ssvocneraso | 0 | 
) a koe 

mee] 0 | | 

| nie 

a ae 


GROUP A 
SUB- 
GROUPS 


Write to End of Write | (15) TWLEH | VCC = 4.5V and 5.5V -55°CST,S+125°C 
Data Setup Time (16) TDVEH | VCC =4.5V and 5.5V -55°CST,S+125°C 
Data Hold Time (17) TEHDX | VCC =4.5Vand5.5V] 9, 10,11 | -55°C<T4<+125°C 


NOTES: 
1. All voltages referenced to device GND. 
2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 
3. TAVQV = TELQV + TAVEL. 


Enable Pulse Width | (14) TELEH | VCC =4.5V and 5.5V | 9,10, 11 | -55°CST,S+125°C 


TABLE 3. HM-65262/883 ELECTRICAL PERFORMANCE CHARACTERISTICS, A.C. AND D.C. 


(NOTE 1) LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE UNITS 
Ta = +25°C 


Input Capacitance CIN VCC = Open, f = 1MHz, All 
Measurements Referenced To 
Device Grounds 
VCC = Open, f = 1MHz, All 
Measurements Referenced To 
Device Grounds 

Output Capacitance VCC = Open, f = 1MHz, All 


Measurements Referenced To 
Device Grounds 

Write Enable to Output in High Z| (18) TWLQZ | VCC = 4.5V and 5.5V 

Write Enable High to Output ON =| (19) TWHOX | VCC = 4.5V and 5.5V 


pF 

pF 
VCC = Open, f = 1MHz, All pF 
Chip Enable to Output ON (20) TELOQX | VCC =4.5V and5.5V | ons | 


Measurements Referenced To 
Output Enable High to Output in | (21) TEHQZ | VCC = 4.5V and 5.5V 
High Z 


5°CSTaS+1 25°C 


fad ial 
— = 
oe xa 
a bedi 

= 


Device Grounds 
Chip Disable to Output Hold Time | (22) TEHQX | VCC = 4.5V and 5.5V 
Address Invalid Output Hold Time | (23) TAXQX | VCC = 4.5V and 5.5V | 1 | -55°C<T,<+125°C 


High Level Output Voltage VCC = 4.5V, 10 =-100mA ed -55°CSTa<+125°C- 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design release and upon design changes which would affect these characteristics. 

2. Applies to DIP device types only. 

3. Applies to LCC device types only. 


CMOS MEMORY 


VCC 


aa 
<a 
ml 
som 
— 
aes 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE 
GROUPS METHOD SUBGROUPS 


1 


[2 
[Grupa «dS amensm0s | ST eA eBa TOT | 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Timing Waveforms 


READ CYCLE 1: CONTROLLED BY E 


@.0:0.6, Gn 9 OO OCOOCCO. 


(4) 


TELQV 
E 
(2 
(20) TEHOZ 
TELOX (2) 
TEHOX 
V7 V7 7 AW WN \/ \/ \/ 

a KKK ROOD 


NOTE: W is high for entire cycle and D is ignored. Address is stable by 
the time E goes low and remains valid until E goes high. 


READ CYCLE 2: CONTROLLED BY ADDRESS 


(1) 


TAVAX 
; EEE SS, 
JIN ZiN 
(2) 
TAVOV 
EI Te 
TELOX TEHOZ 


(20) 
TAXQX (23) 


a KKK IDIXRIOOXIOK FE IOOKOHOD 


NOTE: W is high for the entire cycle and D is ignored. E is stable prior 
to A becoming valid and after A becomes invalid. 


WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 


(1) 


TAVAX 
A (Se 2. 
TAVWH (7) TWHAX (5) 

- TELWH (3) 

q A 

RS KS Ide 

(21) 
TEHQZ 

W x 

iin a 
DXKKKKKXROOK HK KKK KKK EK 

TWLQZ (18) 
(19) 
TELQX (20) TWHOX 

a XKAKKKKXOO OX K KOOQOOOD? 


NOTE: In this mode, E rises after W. The address must remain stable 
when- ever both E and W are low. 
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Timing Waveforms (Continued) 


WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 


(1) 


A 
(8) TAVEH (10) TEHAX (9) 
_TAVEL TELEH (14) 
E 
Ww : : 
RYN ARAA CL LH (1) 
TWHOX 
(16) 
TOVEH ae (17) 
TEHDX 


SA VAAL / i / \i/ V/\Y +4 \V \/ 
QE KKKKEA DOI OOK OOOL? 
(20) 
TELQX 
XOXO 


: COO 


TWLQZ (18) TEHQZ (21) 


NOTE: In this mode, W rises after E. If W falls before E by a time 
exceeding TWLQZ (Max) TELQX (Min), and rises after E by a 
time exceeding TEHQZ (Max)-TWHQZ (Min), then Q will 
remain in the high impedance state throughout the cycle. 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


1. Chip Enable (E) must be held high during data retention; 3. Inputs which are to be held high (e.g., E) must be kept 
within VCC to VCC + 0.3V. between VCC + 0.3V and 70% of VCC during the power 


2. On RAMs which have selects or output enables (e.g., S, up and down transitions. 


G), one of the selects or output enables should be held in 4. The RAM can begin operation > 55ns after VCC reaches 
the deselected state to keep the RAM outputs high the minimum operating voltage (4.5 volts). 
impedance, minimizing power dissipation. 


CMOS MEMORY 


DATA RETENTION TIMING 


~<———  DATARETENTION 
MODE 


vec VCC >2.0V 


VCC -0.3V TO VCC +0.3V 
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Test Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, | 
AND EG CAPLOTANGS:. 2 EQUIVALENT CIRCUIT 
> 
Burn-in Circuits 
HM-65262/883 CERAMIC DIP _ HM-65262/883 CERAMIC LCC 
vec 
9c 
aici gl 
F4 a 2 F16 
F5 = | 3 FIs 
A3 
Fe ra F14 Fé FIs 
F7 “ | 5 | F13 F7 Fi4 
Fe an ry Fi2 Fe ris 
AG . Fi2 
Fo | Fit dg 
F2 FA 
F2 2 | 8 | F10 
WwW ; 
FI —i 9] F2 
GND 
10 | Fo 
V z ef g 
NOTES: _ NOTES: 
All resistors 47kQ +5% All resistors 47kQ +5% 
FO = 100kHz +10% FO = 100kHz +10% 
Fil =F0+2,F2=F1+2,F3=F2+2...F13=F12+2 Fil =FO+2,F2=F1+2,F3=F2+2...F1IZ=F12+2 
VCC = 5.5V +0.5V | VCC = 5.5V +0.5V 
VIH = 4.5V 10% VIH = 4.5V +10% 
VIL = -0.2V to +0.4V VIL = -0.2V to +0.4V 
C = 0.01pF Min. C = 0.01pF Min. 
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Metallization Topology 


DIE DIMENSIONS: 
186.2 x 200.1 x 19+ Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.2 x 105 A/cm? 


Metallization Mask Layout 
HM-65262/883 


vcc A13 A12 


CMOS MEMORY 


a 
—-: 
- oe 


ve 


« PRIMO chi OSes 


E A7 
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Packaging 
20 PIN CERAMIC DIP 
940 
990 
005 MIN 
= 
.200 MAX a 
“FE 
2015, .150 MIN 
.060 | “ 
425 7 .080 MAX i= 
180 « 100 
O16 BSC 
023 
4 .050 * 
"065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T20 


MATERIALS: Compliant to MIL-M38510 
20 PAD CERAMIC LCC 


cio 
CA 
Ct 
sul 
alo 
ON 
Gia 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, CQCC1-N20 
MATERIALS: Compliant to MIL-M38510 


NOTE: All Dimensions are =, Dimensions are in inches. 
x 
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a fears HM-65642 


8K x 8 Asynchronous 


January 1992 CMOS Static RAM 
Features Description 
* Full CMOS Design The HM-65642 is a CMOS 8192 x 8-bit Static Random Access 
e Six Transistor Memory Cell Memory. The pinout is the JEDEC 28 pin, 8-bit wide standard, which 
e Low Standby Supply Current ............ ce eeeeeee 100A allows easy memory board layouts which accommodate a variety of 
: eae aR LREREG industry standard ROM, PROM, EPROM, EEPROM and RAMs. The 
* Low Operating Supply Current................. -++-20MA — +1-65642 is ideally suited for use in microprocessor based 
¢ Fast Address Access Time ........... 2. eee eeees 150ns systems. In particular, interfacing with the Harris 80C86 and 80C88 
e Low Data Retention Supply Voitage...............06. 2.0¥ microprocessors is simplified by the convenient output enable (G) 


input. 


The HM-65642 is a full CMOS RAM which utilizes an array of six 
transistor (6T) memory cells for the most stable and lowest possible 


e CMOS/TTL Compatible Inputs/Outputs 
e JEDEC Approved Pinout 


¢ Equal Cycle and Access Times standby supply current over the full military temperature range. In 
¢ No Clocks or Strobes Required addition to this, the high stability of the 6T RAM cell provides excel- 
° Gated Inputs lent protection against soft errors due to noise and alpha particles. 


This stability also improves the radiation tolerance of the RAM over 


- No Pull-Up or Pull-Down Resistors Required 
ne me : lala that of four transistor or MIX-MOS (4T) devices. 


e Easy Microprocessor Interfacing 
e¢ Dual Chip Enable Control 


Ordering Information 


[PACKAGE | TEMPERATURERANGE | _“is0ne/75iA | “TS0ne/S0.A | _-200087250A 
“1883 °C to 25°C 
SMO ee a 
(60, 185" BHC to 125°C 
SMO ee 


* Access Time/Data Retention Supply Current a 
“* Respective /883 specifications are included at the end of this data sheet. ~ 
s Lu 
Pinout = 
28 LEAD DIP ” 
TOP VIEW ¢ 
O 
Chip Enable 
Chip Enable 
Write Enable 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3005 
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Functional Diagram 


“D> 
A&8 —— 
A12 —— 
Al —— 
A6 —— 
AS 
A4 —— 
A3 


256 


256 x 256 
MEMORY ARRAY 


ADDRESS BUFFERS 
ROW 
DECODER 


A2 


Al — 
A0 —— 
A1i0 — 
Ail 


COLUMN SELECT 
(8 OF 256) 


COLUMN 
ADDRESS BUFFERS 


=| 


al 
on ae ee oe om ow me oe ow oe ae om oe ae oe oe ow ow we oo ed 


E2 Da 


TRUTH TABLE 


[Sanaorenosy | x [ow x | x 
| a 


Read 
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Specifications HM-65642-9 


Absolute Maximum Ratings 


SUDDIV VOllA0C sey nsc das cot ehalew beh etadewa ee eeksaees +7.0V 
Input or Output Voltage Applied for all grades ....... GND-0.3V to 

VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0... eee ee ce eee eee +175°C 
Lead Temperature (Soldering 10s)............... 0000. +300°C 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP 
ESD ClassiliCalon ii scasiw ses sie eaieroriewwewn nude eee Class 1 


Reliability Information 
Thermal Resistance ................ Gia 6; 


Ceramic DIP Package............. 45°C/W ecw 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package ......... ccc cece cece eee tees 1.1W 
Gate Count: +6 65. tiedewhstatoteeoeicie 101,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................0008- +4.5V to +5.5V 
Operating Temperature Range 
HM-65642-9 (650s cc Un cee es oa owes wax e ees -40°C to +85°C 


Input Low Voltage ... 2.0... cece eee eee eee -0.3V to +0.8V 
Input High Voltage... 1.6... . cece eee eee +2.2V to VCC +0.3V 


DC Electrical Specifications VCC = 5V + 10%; T, = -40°C to +85°C (HM-65642-9) 


VOH2 | Output High Voltage (Note 2) VCC-0.4 He 


TEST CONDITIONS . 


E2 = GND, VCC = 5.5V 
po mA E2 = 0.8V or El = 2.2V, VCC =5.5V 
150 E2 = GND, VCC = 2.0V 


E2 = 2.2V, El = 0.8V, VCC = 5.5V, 
NO=OmA 


f = 1MHz, Ef = 0.8V, E2 =2.2V, 
VCC = 5.5V, IlO = OMA 


Vi = VCC or GND, VCC = 5.5V 


E2 = GND, VIO = VCC or GND, 
VCC = 5.5V 


IOH = -1.0mA, VCC = 4.5V 


IOH = -100pA, VCC = 4.5V 


IOL = 4.0mA, VCC = 4.5V 


f = 1MHz, Ali measurements are 


referenced to device GND 


1. Typical derating 5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 
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Specifications HM-65642-9 


AC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-65642-9) 
LIMITS 


TEST 


UNITS | CONDITIONS 


- PARAMETER 


SYMBOL 
READ CYCLE 
(1) TAVAX 
(2) TAVQV 
(3) TE1LQV 
(4) TEZHQV 
(5) TGLQV 
(6) TE1LOX 
(7) TE2HOX 
(8) TGLOX 
| (9) TEIHQZ 
(10) TE2LQZ 
(11) TGHQZ 
(12) TAXQX 
WRITE CYCLE 
(13) TAVAX 
(14) TWLWH 
(15) TE1LE1H 


Read Cycle Time (Notes 1, 3) . 


Address Access Time 


(Notes 1, 3) 


Chip Enable Access Time 


Chip Enable Access Time 


Ni 
o 


Output Enable Access Time 
Chip Enable Valid to Output On 
Chip Enable Valid to Output On 


(Notes 1, 3) 
(Notes 2, 3) 
(Notes 2, 3) 
Output Enable Valid to Output On 

Chip Enable Not Valid to Output Off 
Chip Enable Not Valid to Output Off 


(Notes 2,3) 
(Notes 2, 3) 
(Notes 2, 3) 

_ (Notes 2, 3) 


Output Enable Not Valid to Output Off 


Output Hold From Address Change 


Write Cycle Time | 150 (Notes 1, 3) 


(Notes 1, 3) 


Write Pulse Width 

Chip Enable to End of Write (Notes 1, 3) 
(16) TE2HE2L 
(17) TAVWL 
(18) TAVE1L 
(19) TAVE2H 
(20) TWHAX 
(21) TE1HAX 


(22) TE2LAX 


Chip Enable to End of Write 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


Address Setup Time Late Write 


Address Setup Time Early Write 


| Address Setup Time Early Write 
Late Write 


Early Write E1 


(Notes 1, 3) 
(Notes 1,3) 
(Notes 1, 3) . 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


Write Recovery Time 


Write Recovery Time ? 


Write Recovery Time Early Write 


(23) TOVWH Data Setup Time Late Write 
(24) TDVE1H 
(25) TDVE2L 


Data Setup Time Early Write 


Data Setup Time Early Write E 


(26) TWHDX _| Data Hold Time Late Write 
(27) TE1HDX Data Hold Time . Early Write 
(28) TE2LDX 
(29) TWLQZ 
(30) TWHQX 

NOTES: 


1. Input pulse levels: OV to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = SOpF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 


(Notes 1, 3) 
- (Notes 1, 3) 
(Notes 1, 3) 
(Notes 2, 3) 
(Notes 2, 3) 


Data Hold Time Early Write 


‘Write Enable Low to Output Off 


Write Enable High to Output On 
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Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in 
mind. Data Retention voltage and supply current are guaran- 
teed over the operating temperature range. The following 
rules ensure data retention: 


1. The RAM must be kept disabled during data retention. This is ac- 
complished by holding the E2 pin between -0.3V and GND. 


2. During power-up and power-down transitions, E2 must be heid 
between -0.3V and 10% of VCC. 


3. The RAM can begin operating one TAVAX after VCC reaches the 
minimum operating voltage of 4.5V. 


DATA RETENTION MODE 


VCC 
A5YV ——— ee Ee ee a ee ee ee ee ee FRO ee Oe ee 
VIH 
TAVAX 
E2 
VCCOR 
GND 
Read Cycles 
READ CYCLE I: W, E2 HIGH; G, E1 LOW 
TAVAX (1] 
anaes 
A XK ADDRESS EX CADDRESS2 XX 
TAVOV (2} TAXQX (12) 
0 XXXX DATA = EXXXX TAZ = XXX XXX 
READ CYCLE II: W HIGH 
TAVAX {1} 
a ane Sk ai he a en 
©, <a EEEE » 
TAVQV (2) 
Et \\\\S ALLLLLLLLLLLLLL 
TEVHQZ (9) 


TEZHQV (4) 


RADON 


& QYOOY ALLLLLLLLLLLLL) 


0 0S, nD .(.¢ 
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Write Cycles 


WRITE CYCLE I: LATE WRITE 
TAVAX (13) 
6, = wa 
TAVWL (17) TWLWH (14) TWHAX (20) 

v as 

owt | SSCS mmm 

2 W/E NIN 

| TWHOX (30) 

TOVWH (23) 


oo 


0 XXXXXKXKKXKEREEN ORK 


WRITE CYCLE li: EARLY WRITE - CONTROLLED BY E71 
TAVAX (13) 


W/\/ 


ND 


CAA 
A X% xX 
TAVEIL (18 TEILEIH (15) TETHAX (21 


W AA ee LLL LLL: 


e2 L//// ANN 
TOVENH (24) TEHDX (27) 
! Roeser ee oes ey 


WRITE CYCLE ill: EARLY WRITE - CONTROLLED BY E2 
TAVAX (13) 


Va"! Vi \ / 
6, en annie naman, 
TAVEZH (19) TEQHEZL (16) TECLAK (22) 


TAN iia NULL LL, 
a es. VM 
ee ee ge ie 
e2 TDVE2L (25) TEZLDX (28) 
a ae ae eae EIR 
D Se eee eae Seen one ey 
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Performance Curve 
TYPICAL ICCDR vs T, 


Vcc = 2.0V 


a 
pt | | | Le 
Se ail aa 


LOG(Icc/(1A)) 


ae < 


> 
a 
oe) 
= 
uJ 
= 
” 
O 
= 
O 
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FARRIS 


SEMICONDUCTOR 


HM-65642/883 


8K x 8 Asynchronous 
CMOS Static RAM 


January 1992 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Full CMOS Design 
¢ Six Transistor Memory Cell 


¢ Low Standby Supply Current ................ 100A 
e¢ Low Operating Supply Current............... 20mA 
e Fast Address Access Time..............+2-. 150ns 
e Low Data Retention Supply Voltage............ 2.0V 


e¢ CMOS/TTL Compatible Inputs/Outputs 
¢ JEDEC Approved Pinout 
¢ Equal Cycle and Access Times 


No Clocks or Strobes Required 


¢ Gated Inputs 
- No Pull-Up or Pull-Down Resistors Required 


Temperature Range -55°C to +125°C 
° Easy Microprocessor Interfacing 
Dual Chip Enable Control 


Pinouts 


HM1-65642/883 (CERAMIC DIP) 
TOP VIEW 


Write Enable 
Output Enabie 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Description 


The HM-65642/883 is a CMOS 8192 x 8-bit Static Random 
Access Memory. The pinout is the JEDEC 28 pin, 8-bit wide 
standard, which allows easy memory board layouts which 
accommodate a variety of industry standard ROM, PROM, 
EPROM, EEPROM and RAMs. The HM-65642/883 is ideally 
suited for use in microprocessor based systems. In particu- 
lar, interfacing with the Harris 80C86 and 80C88 micropro- 
cessors is simplified by the convenient output enable (G) 
input. 


The HM-65642/883 is a full CMOS RAM which utilizes an 
array of six transistor (6T) memory cells for the most stable 
and lowest possible standby supply current over the full mili- 
tary temperature range. In addition to this, the high stability 
of the 6T RAM cell provides excellent protection against soft 
errors due to noise and alpha particles. This stability also 
improves the radiation tolerance of the RAM over that of four 
transistor or MIX-MOS (4T) devices. 


HM4-65642/883 (CERAMIC LCC) 
TOP VIEW 


File Number 3004 
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Specifications HM-65642/883 


Absolute Maximum Ratings 


SUPPIY. VONAGE eac.e three elwiie ds heen ieee ences +7.0V 
Input or Output Voltage Applied for all grades ....... GND-0.3V to 

VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0... eect eee +175°C 
Lead Temperature (Soldering 10s)...............0000- +300°C 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP 
ESD Classification .......... ccc ccc c cen vccccsccees Class 1 


Reliability Information 


Thermal Resistance ..............6. Gia 8, 
Ceramic DIP Package............. 45°C/W 8°C/W 
Ceramic LCC Package ............ 55°C/W 45°C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ....... 0... cece cee ee eee tenes 1.1W 
Ceramic LCC Package .......... 0. cece ee eee eee 0.90 W 

Gate Count sisi aiahinaws waded e eta eea a eae 101,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device, This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................0.. +4.5V to +5.5V = Input High Voltage... 2.2.6... eee eee eee +2.2V to VCC +0.3V 
Operating Temperature Range................ -55°C to +125°C Data Retention Supply Voltage ......... 0... . eee eee eee 2.0V 
Input Low Voltage... 0.2... eee ce eee eens -0.3V to +0.8V_ = Input Rise and Fall Time... 0.0... eee ee es 40ns Max. 


TABLE 1. HM-65642/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


Low Level Output 
Voltage 


High Impedance 
Output Leakage 
Current 


HM-65642B/883, HM-65642/883 
VCC = §.5V, G = 2.2V, 
Vi/O = GND or VCC 


HM-65642C/883 
VCC = 5.5V, G =2.2V, 
VIO = GND or VCC 


Input Leakage 
Current 


HM-65642C/883 


v VCC = 5.5V, VI = GND or VCC 


ICCSB1 | HM-656426/883 

VCC = 5.5V, Ef = VCC -0.3V or 
E2 = GND +0.3V 
HM-65642/883__ 

VCC = 5.5V, Ef = VCC -0.3V or 
E2 = GND +0.3V 
HM-65642C/883 

VCC = 5.5V, Ef = VCC -0.3V or 
E2 = GND +0.3V 


ICCSB 
Enable Supply ICCEN 
Current 
Operating Supply ICCOP 
Current 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating SmA/MHz increase in ICCOP. 


Standby Supply 
Current 


Standby Supply 
Current 


E2 = 0.8V 


E2=2.2V 


VCC = 5.5V, G = 5.5V, (Note 2), 
f = 1MHz, Ef = 0.8V, E2 = 2.2V 


(NOTE 1) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 
High Level Output VOH 1 VCC = 4.5V, |O =-1.0mA 
Voltage 
vo VCC = 4.5V, 10 = 4.0mA 


HM-65642B/883, HM-65642/883 
VCC = 5.5V, VI = GND or VCC 


VCC = 5.5V, 10 = OmA, Ef =2.2V or 


VCC = 5.5V, lO = OmA, E71 =0.8V, 


LIMITS 


55°C < Ty $ 4+125°C 


-55°C < Ty < +125°C 


© 
> 
|< 


| 
- 
- 


g +1.0 


55°C < Ty S$ +125°C 


55°C $ Ty $ +125°C 


_ 
So 
+ 
N 
oO 


55°C < Ty <4+125°C | - 


55°C < Ty $ +125°C 


55°C s Ty S$ +125°C 


-55°C s Ty $ +125°C 


55°C < Ty $ +125°C 400 


Sie 55°C < Ty $4125°C 


-55°C < Ty $ +125°C 
55°C < Ty $ +125°C 


3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


CAUTION: These devices are sensitive to electronic discharge. Proper iC handling procedures should be followed. 
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TABLE 1. HM-65642/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Guaranteed and 100% Tested 
LIMITS 


| (NOTE 1) GROUP A 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN 
Data Retention ICCDR | HM-656426/883 55°C < Ty $ +125°C aia 


Supply Current | VCC = 2.0V, El = VCC -0.3V or 
| -55°C < Ty < +125°C |} 


E2 = GND +0.3V 


HM-65642/883_ 
VCC = 2.0V, Ef = VCC -0.3V or 
E2 = GND +0.3V 


HM-65642C/883 
VCC = 2.0V, ET = VCC -0.3V or 


55°C $ Ty 5 +125°C 


| E2 = GND +0.3V 
Functional Test VCC = 4.5V (Note 3) 7,8A,8B | -55°C < T)<+125°C Poe foe foe | 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating SmA/MHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


TABLE 2. HM-65642/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
Aaouek HM-65642B/ Hine 2, eed 
(NOTES 1,2) | SUB- | 
CONDITIONS | GROUPS | MIN | MAX | MIN | MAX J UNITS 


: 


fF 
® 


Read/Write/ 
Cycle Time 


Address Access 
Time 


Output Enable 
Access Time 


Chip Enable TEILQV | VCC =4.5V and 
Access Time TE2HQV | 5.5V 
Write Recovery TWHAX [| VCC = 4.5V and 
Time TEIHAX [| 5.5V 

TE2LAX 


Chip Enable to 


End-of-Write 


Address Setup 
Time 


Write Enable 
Pulse Width 


NOTES: — 
1. All voltages referenced to device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1TTL equivalent 
load and CL 2 50pF, for CL > 50pF, access times are derated 0.15ns/pF. 


55°C $ Ta $ +125°C 


sv 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 3. HM-65642/683 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | 
Output High Voltage VOH2 | VCC = 4.8V, 10 =-100HA ee “55°C $ Ty < +125°C va ek ae 
0.4 
CIN 


Ta = +25°C 


input Capacitance 


V/O Capacitance cVvo 


Write Enable to Output in 
High Z 


VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


VCC = 4.5V, VI/O = GND or 
VCC, All Measurements Ref- 
erenced to Device Ground 


a ™ tule 


Ta = +25°C 


4 — aie 


Ghip Enable we Ouputin | TEIHOZ |vcC=4svendssv | 1 | -sestssizec| - | 80 | re 
seis jsercstas ease | - | co | re | 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. For design purposes CIN = 6pF typical and Cl/O = 7pF typical. 
3. Applies to LCC device types only. For design purposes CIN = 4pF typical and Ci/O = 5pF typical. 


TABLE 4. APPLICABLE SUBGROUPS 


1 
1 
1 
1 


CMOS MEMORY 


Tinwamtostr | voowsons 
nO 
[ewe | Saroieusoos | 1.2.87.8A,08,0,70 1 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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ee _ . HM-65642/883 
Low Voltage Data Retention a | 
Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-down transitions, E2 must be held 


mind. Data Retention voltage and supply current are guaran- between -0.3V and 10% of VCC. 
teed over the operating temperature range. The following 3. The RAM can begin operating one TAVAX after VCC reaches the 
rules ensure data retention: . minimum operating voltage of 4.5V. 


1. The RAM must be kept disabled during data retention. This is ac- 
complished by holding the E2 pin between -0.3V and GND. 


DATA RETENTION MODE 


vec 
Oh SNP cate mas vce ce ae te rma eel a re 
VIH 
TAVAX | 
£2 
VCCOR \\ = 
GND 
Read Cycles 
READ CYCLE I: W, E2 HIGH; G, E1 LOW 
TAVAX 
A X¥ ADDRESS | YX ADDRESS 2 xX 
TAVOV TAXQX 
0 | XXXXK ATA EX XXX DATA 2 XXXXKX 


READ.CYCLE I: W HIGH 


TAVAX 


> 
Co 
~<N 


TAVQV 
ci WS | WILL, 
TEIHQZ 


UN: Zz 


iy ALLL LL 


0 AX KY 
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Write Cycles 
WRITE CYCLE I: LATE WRITE 
TAVAX 
YOK xX 
TAVWL TWLWH TWHAX 
v i ieweinereasnsiocanepeacomall 
a 77777 
aa eee 
ease a en Ne te 
c2 VE NN 
TWHOX 
D em 
0 XXXXXXXXXXXXAKAM) KAXK 


WRITE CYCLE Il: EARLY WRITE - CONTROLLED BY E1 
TAVAX 


xX 


W aa MLL 


& L//// are NINN 


TOVEIH 


CMOS MEMORY 


WRITE CYCLE Ill: EARLY WRITE - CONTROLLED BY E2 
TAVAX 


A_xX x 

W \\\\ a ULLAL, 

aA ge 
rane, 

Ee TOVE2L TE2LDX 
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Test Circuit 


DUT ¢ 
Ole 
* TEST HEAD : 
CAPACITANCE 
EQUIVALENT CIRCUIT 
Burn-In Circuits 
HM-65642/883 CERAMIC DIP HM-65642/883 CERAMIC LCC 
c Vcc. 
(— GND 
NC pryeice 
F15 ArT ud FI 
F10 ArT 26} £2 F16 
F9 AS TT 548 Fit 
AS Ag F9 be 
Fe G 24] F12 eS 56 
F7 A4 rr 23} Alt F14 - eos 
A3 G 
F6 22 | FO F6 
A2 
F5 8 21 At F13 FS FO 
F4 ol 9 | 20] =! FO F4 F13 
F3 AO apo? F2 F3 Fo 
pat DQ5 F F2 
F2 12) F2 ‘ en0 fos Pea eas Ss "9 TOO 
nw alli TBEESEE 
ND 
14] a5) DQ3 F2 fe 
& & V a 2 & 
NOTES: NOTES: 


FO = 100kHz + 10% 
All resistors 47kQ +5% 
C =0.01pF Min. 

VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 

VIL = -0.2V to +0.4V 


HM-65642/883 


FO = 100kHz + 10% 


C = 0.01pF Min. 


VCC = 5.5V + 0.5V 


VIH = 4.5V + 10% 


VIL = -0.2V to +0.4V 
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Metallization Topology 


DIE DIMENSIONS: 
276.8 x 305.5 x 19+ Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 2kA 
GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
0.9 x 10° A/cm? 


Metallization Mask Layout 


HM-65642/883 


Ab Al Al2 vec W £2 


As 
2 


as A 
Al a ee a ae Nu hoo 


(zap {| as 
. hy, IT Orr (23) All 
_{ eee THO & 


Lees Oe ee Oe De 0 


CMOS MEMORY 


BRE EEE ee a be ba beat 


WN 


OCR eee POOP eeT RSE N AUR e GLEE OT BERS ENG ERO D BOD PREP ESTE BED SES GOPHERS DED BERS REPS DDIM OTE S RS EES BEE DOS ESE COHERER DEER eS ERE E Ee 


A2 a) A10 

| a alo 

r l : dedi fey { tl . he x x roo tq : pa? 
" — poe 008 006 q 
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Packaging 
28 PIN CERAMIC DIP 


1.440 
.470 


| 1 
.005 MIN aes 


~~ 


.225 MAX 
4 


.015 | 
.060 
2 
.016 * 


| .150 MIN 
.098 MAX 


125 
180 .100 
023 kia 
.050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
“SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T28 
MATERIALS: Compliant to MIL-M38510 


32 PAD CERAMIC LCC 


.940 
.960 
.064 


| sol Ae 083 


1050 | DOOD ODD | 


BSC +4 
2074 
: 095 


LEAD FINISH: Type A | COMPLIANT OUTLINE: MIL-STD-1835, CQCC1-N32 
MATERIALS: Compliant to MIL-M38510 


NOTE: All Dimensions are od Dimensions are in inches. 
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HM-6564 


8K x 8, 16K x 4 CMOS RAM Module 


tt 


January 1992 
Features Description 
¢ Low Power Standby................000- 4mW Max. The HM-6564 is a 64K bit CMOS RAM. It consists of 16 
HM-6504 4K x 1 CMOS RAMs, in leadless carriers, mounted 
* Low Power Operation ............ 280mW/MHz Max. on a ceramic substrate. The HM-6564 is configured as an 
¢ Data Retention....................200.. 2.0V Min. extra wide, standard length 40 pin DIP. The memory appears 
- to the system as an array of 16 4K x 1 static RAMs. The 
TH. Compatible In/Out array is organized as two 8K by 4 blocks of RAM sharing 
e Three State Outputs only the address bus. The data inputs, data outputs, chip 
‘ enables and write enables are separate for each block of 
pe ce ee tere ae sree aetna ee some ex RAM. This allows the user to organize the HM-6564 RAM as 
¢ Operating Temperature Range...... -55°C to +125°C ~~ either 8K by 8 or a 16K by 4 array. 
e On Chip Address Registers This 64K memory provides a unique blend of low power 
* Organizable 8K x 8 or 16K x 4 CMOS semiconductor technology and advanced packaging 


40 Pin DIP Pinout - 2.000” x 0.900” 


Ordering Information 


PACKAGE TEMP. RANGE | 3500s | 
55°C to +125°C HM5-6564-8 


Pinout 


40 LEAD MODULE 
TOP VIEW 


NOTES: 


techniques. The HM-6564 is intended for use in any applica- 
tion where a large amount of RAM is needed, and where 
power consumption and board space are prime concerns. 
The guaranteed low voltage data retention characteristics 
allow easy implementation of non-volatile read/write memory 
by using very small batteries mounted directly on the mem- 
ory circuit board. Example applications include digital avionic 
instrumentation, remote data acquisition, and portable or 
hand held digital communications devices. 


Functional Diagram 


* Pins 20 and 40 (VCC) are internally connected. Similarly pins 1 and 21 
(Ground) are connected. The user is advised to connect all four VCC pins 
and Ground pins to his board busses. This will improve power distribution 


across the array and will enhance decoupling. 


Pin 10 is internally connected to pin 11, and pin 30 is connected to pin 31. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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File Number 3006 


CMOS MEMORY 


Specifications HM-6564 


Absolute Maximum Ratings 


Supply VOlAage 6 6so.8 5 eh daw Ue san aseg ee cae wew das +7.0V Junction Temperature ... 0.0... . ccc ee cette eee eee +175°C 
Input, Output or /O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s) ............0. ee eee +300°C 
Storage Temperature Range ................. -65°C to +150°C }3=—« Gate Count 0... ce ccc cece eee teens 112000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range............ 0. ce ee eee +4.5V to +5.5V Rise and Fall Time .................. eee rere 40ns Max. 
Operating Temperature Range................ -55°C to +125°C 


DC Electrical Specifications VCC = 5V + 10%; T, = -55°C to +125°C (HM-6564-8) 


[erwsoc | ___ranaweven ‘| _MIN[ MAX [UNS]  TESTCONDMIONS 


ICCSB Standby Supply Current 800 pA IO = OmA, Vi = VCC or GND, 
VCC = 5.5V 

ICCOP1 ‘| Operating Supply Current (8K x 8) (Note1) E = 1MHz, IO = OmA, VI = VCC or 
GND, VCC = 5.5V 

ICCOP2 | Operating Supply Current (16K x 4) (Notes 1, 2) E = 1MHz, IO = OmA, Vi = VCC or 
GND, VCC = 5.5V 


ICCDR Data Retention Supply Current pA 10 = OmA, VCC = 2.0V, VI = VCC or 


GND 
VCCDR_ } Data Retention Supply Voltage 


VCC or GND, VCC = 5.5V 


V 
Vi = VCC or GND, VCC = 5.5V 
Vv 
V 


Address Input Leakage 


| DY | Data Input Leakage (8K x 8) 
Data Input Leakage (16K x 4) (Note 2) 


7 ee 


l= =o; 
|= = 5, 
l= = 5. 
j= = 5. 


Enable Input Leakage (8K x 8) 
Enable Input Leakage (16K x 4) (Note 2) 


Vl = VCC or GND, VCC = 5.5V 
Vi = VCC or GND, VCC = 5.5V 


Write Enable Input Leakage (Each) 


pa 

| oz | 

| ez | 

pw 

Output Leakage (@K x8) 
pve 

Ew 


| ee 
| HA 
| Output Leakage (16K x 4) (Note 2) 
= 
A 
ae | 


input Low Voltage 


+20 
+3 
+5 
+10 
+5 
+10 
+5 
+10 
cc 


Input High Voltage VCC-2.0 Vv 


Output Low Voltage 


lO = 2.0mA, VCC = 4.5V 
10 = -1.0mA, VCC = 4.5V 


IO = -100pA, VCC = 4.5V 


f = 1MHz, All measurements are 
referenced to device GND 


VOH2 Output High Voltage (Note 2) 

| CIA | Address Input Capacitance (Note 2) 

Data Input Capacitance (8K x 8) (Note 2) 

Data Input Capacitance (16K x 4) (Note 2) 
Enable Input Capacitance (8K x 8) (Note 2) 
Enable Input Capacitance (16K x 4) (Note 2) 
Write Enable Input Capacitance (Each) (Note 2) 
Output Capacitance (8K x 8) (Note 2) 

Output Capacitance (16K x 4) (Note 2) 

NOTES: 


1. ICCOP is proportional to operating frequency. 
2. Tested at initial design and after major design changes. 


VCC-0.4 


VOH1 Output High Voltage 


O22 
VIL 
VIH 
VOL 
CIA 
IW 

1 
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Specifications HM-6564 


AC Electrical Specifications Vcc = 5V + 10%; T, = -55°C to +125°C (HM-6564-8) | 


| svwpot | PARAMETER | MIN | max |_ units | _TEST.CONDITIONS _| 
a ee ee ee ee eee 
(@) TavaV | Address Access (TAVGV=TELGV+TavEL) | - | 400 | ns | (Notes 1,3) 
(9) TELOX | Ouputenable CT tes) 
@) Tanz {OupuDieebio tT 
() TELEL | Readorwitecyie | to | Tne Note 1,3) 
(8) TELEH | Ghipenablotow | TT Nts) 
Oe Oe 
(@) TAVEL | AddressSemp Leet) 
a a 
(10) TWLWH | Wite Enable Low 0 0 tet 
ew 
an eee 
ae 
ae ee 
es ae 
eee 
ee 


(i) TwLeF 
(2) TWLEL | Eaiy Wie Soup (witowoa) ‘| _10_| 
(9) TELWH | EaryWito Hod Wiowede) —__—_——~s;—100 
(a Tow —[Daaseup SiC 
(6) TOVEL___| Eaiywitodaaseup «dt 
CS 
(my veux [EanywitoOawhod ~*~ 
NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns max; Input and output timing reference level: 1.5V; Output load: 1TTL gate 
equivalent and CL = 50pF (Min) for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V 


Low Voltage Data Retention 


HARRIS CMOS RAMs are designed with battery backup in 3. All other inputs should be held either high (at CMOS VCC) | 


mind. Data retention voltage and supply current are guaranteed or at ground to minimize ICCDR. | 
over temperature. The following rules insure data retention: 4. Inputs which are held high (e.g. E) must be kept between 


1. Chip Enable (E) must be held high during data retention; VCC +0.3V and 70% of VCC during the power up and pow- 


within VCC +0.3V to VCC. er down transitions. 
2. On RAMs which have selects or output enables (e.g. 5, G), 5. The RAM can begin operation one TEHEL after VCC 
one of the selects or output enables should be held in the reaches the minimum operating voltage (4.5 volts). 


deselected state to keep the RAM outputs high impedance, 
minimizing power dissipation. 


DATA RETENTION TIMING 


vcc DATA RETENTION MODE 


VCC 2 2.0V 


TEHEL 


No 
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~ HM-6564 


AKKA 


Read Cycle 
| RR 


TIME 


VALIO DATA OUTPUT 


REFERENCE | | | | | | 
2 3 4 ) 


TRUTH TABLE 


jnerenence [3 Wa 


ee ee ae 
Fea ae (a ee 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 


time, the addresses may change state without affecting 


device operation. During time (T = 1) the output becomes 


OUTPUT FUNCTION 
Q 


pot XL Memory Disabled 
po NH 2 | Cycle Begins, Addresses are Latched | 


Output Enabled 
Output Valid | 


Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


enabled but data is not valid until during time (T = 2). W must 
remain high until after time (T = 2). After the output data has 
been read, E may return high (T = 3). This will disable the 
output buffer and ready the RAM for the next memory cycle 
(T = 4). 


Early Write 
Cycle are 


aaVavavay: 


mi 


"a's ba bb aaa ey, 


etee at eteS 


SSSR 


TIME 


Ord rhe rdhrnderaernden 


(8) 


AA 
* 
SLRS 


POPOV VV VS OO UO Ow 


Cr drdrd Londoner Merde rd reteruh wll rnd rbervdrra Suber rbearde ruharnrude rte 


REFERENCE | | | | | | 
2 1 2 3 4 


TRUTH TABLE 


TIME 
REFERENCE eee 
ete ene ieee 
ee eae 
eee ae 
Bae eee 


2 


ile 
eee 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E (T 
= 0), the addresses, the write signal, and the data input are 
latched in on chip registers. The logic value of W at the time 
E falls determines the state of the output buffer for the cycle. 
Since W is low when E falls, the output buffer is latched into 


OUTPUT FUNCTION 
Q 


~z—[Wemoy beatieg SS 
[2 [[oyele Begins, Adaresses are Latched 
ZW in Progress internally 
[2 [write Complete 
[Z| Prepare for Nex Gycle Game as) 


Cycle Ends, Next Cycle Begins (Same as 0) 


the high impedance state and will remain in that state until E 
returns high (T = 2). For this cycle, the data input is latched 
by E going low; therefore data set up and hold times should 
be referenced to E. When E (T = 2) returns to the high state 
the output buffer disables and all signals are unlatched. The 
device is now ready for the next cycle. 
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Late Write 


TAVEL (8) 
TELAX (9} TAVEL 
RKAKARAAAAALYD gaara tate te trata at eP tate te Ge Ga Pe Ge Ge GeO VG GG GO, C0, 0.0.8, 0,0 
SINK INGO) 0525552555255 505K INI OOS 
A RRR RRR RY ADD VALID OOS KR KKK RRR ORRIN KKK KOK KR KK HY NEXT AOD 
PPO OL OA 


mi 


= 


i] 


TIME 
REFERENCE 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Write Begins, Data is Latched 
Write in Progress internally 
Write Completed 


The late write cycle is a cross between the early write cycle this cycle the output may become active, and may become 
and the read-modify-write cycle. Recall that in the early write valid data, or may remain active but undefined. Valid data is 
the output is guaranteed to remain high impedance, and in written into the RAM if data set up, data hold, write setup 
the read-modify-write the output is guaranteed valid at and write pulse widths are observed. 

access time. The late write is between these two cases. With 


> 
c 
NOTE: In the above descriptions the numbers in parenthesis (T = n) refers to the respective timing diagrams. The numbers are located on re) 
the time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. = 
= 
HM-6504 (One of Sixteen) D 
= 
LSB A8o re) 
A7 
a0 ADDRESS 64 x 64 
AO 
At . REGISTER MATRIX 


ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: 

A HIGH —> OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: 

L LOW ~*> Q=D 

Q LATCHES ON RISING EDGE OF L 
ADDRESS LATCHES: = 

LATCH ON RISING EDGE OF E 
GATED DECODERS: 

GATE ON RISING EDGE OF G 


a 
LSB A11 AS A4 A3 AS A10 
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Organization Guide 


To Organize 8K x 8: 
| Connect: E1 with E3 - (Pins 9 + 32) 
| E2 with E4_ (Pins 12 + 29) 
| W1 with W2 (Pins 11 + 31) 
To Organize 16K x 4: 
Connect: QO with Q4 (Pins 2 + 39) 
DO with D4 (Pins 3 + 38) 
Q1 with Q5 (Pins 4 + 37) 
D1 with D5 (Pins 5 + 36) 
D2 with D6 (Pins 16 + 25) 
Q2 with Q6 (Pins 17 + 24) 
D3 with D7 (Pins 18 + 23) 
Q3 with Q7 (Pins 19 + 22) 


Optional W1 may be common with W2 (Pins 11 +31) 


Concerns for Proper Operation of Chip Enables: 


The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 8K x 8 
mode, use the chip enables as if there were only two, E1 and 
E2. In the 16K x 4 mode, all chip enables must be treated 
separately. Transitions between chip enables must be 
treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. More than one chip enable low simultaneously, for 
devices whose outputs are tied common either internally or 
externally, is an illegal input condition and must be avoid. 


Printed Circuit Board Mounting: 


The leadiess chip carrier packages used in the HM-6564 | 
have conductive lids. These lids are electrically floating, not 
connected to VCC or GND. The designer should be aware of 
the possibility that the carriers on the bottom side could 
short conductors below if pressed completely down against 
the surface of the circuit board. The pins on the package are 
designed with a standoff feature to help prevent the leadless 
Carriers from touching the circuit board surface. 


Board Size Tradeoffs 


Printed circuit board real estate is a costly commodity. Actual 
board costs depend on layout tolerances, density, complex- 
ity, number of layers, choice of board material, and other fac- 
tors. 


The following table compares board space for 16 standard 
DIP 4K RAMs to the HM<nd>6564 RAM array. Both fine line, 
close tolerance layout and standard “easy” layout board 
sizes are shown in the comparison. 


The cost of semiconductor circuits decline with time. If actu- 
al costs were included, they would be out of date in a very 
short time. We urge you to contact your local Harris office of 
sales representative for accurate pricing allowing cost 
tradeoff analysis. In your cost analysis, also consider the 
advantages of a lighter, smaller overall package for your sys- 
tem. Consider how much more valuable your system will be 
when the memory array size is decreased to about 1/6 of 
normal size. . 


64K ARRAY OR 16 4K RAMs ON A PC BOARD vs. THE HM-6564 | 


[_encursvesreare [SE 


HM-6564 Two Sided Mounting Multilayer 2 square inches 
Alumina Substrate 
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HM-8808A 


8K x 8 Asynchronous 
CMOS Static RAM Module 


FARRIS 


SEMICONDUCTOR 


a 


January 1992 


Features 


¢ Full CMOS Design 
¢ 6 Transistor Memory Cell 


e Low Standby Current. .................. 250/900L.A 
e¢ Low Operating Current .......... bee bra) Sonatas 70mA 
¢ Fast Address Access Time........... 100/120/150ns 


e CMOS/TTL Compatible inputs/Outputs 
e JEDEC Approved Pinout 

¢ Equal Cycle and Access Time 

e No Clocks or Strobes Required 

e Single 5 Volt Supply 


¢ Gated Inputs - No Pull-Up or Pull-Down Resistors 
Required 


e Temperature Range............... -55°C to +125°C 
¢ Easy Microprocessor Interfacing 
¢ Dual Chip Enable Control (HM-8808A) 


Description 


The HM-8808 and HM-8808A are 8K x 8 Asynchronous CMOS 
Static RAM Modules, based on multi-layered, co-fired, dual-in-line 
substrates. Mounted on each substrate are four HM-65162 2K x 8 
CMOS SRAMs, a high speed CMOS decoder, and a ceramic decou- 
pling capacitor, all packaged in leadiless chip carriers. The capacitor 
is added to reduce noise and the need for external decoupling. The 
HM-65162 RAMs used in these modules are full CMOS devices, uti- 
lizing arrays of six transistor (6T) memory cells for the most stable 
and lowest possible standby supply current over the full military tem- 
perature range. in addition to this, the high stability of the 6T cell 
provides excellent protection against soft errors due to noise and 
alpha particles. This stability also improves the radiation tolerance of 
the RAM over that of four transistor devices. The HM-8808 and HM- 
8808A have gated inputs to simplify system design for optimum 
standby supply current. The pinouts of these modules conform to 
the JEDEC 28 pin 8 bit wide standard, which is compatible with a 
variety of industry standard memories. The HM-8808A is pin-com- 
patible with many standard 8K x 8 RAMs, adding the advantage of 
high performance over the full military temperature range. Also, 
because of the second chip enable (E2), the HM-8808A simplifies 


the design of low-power battery back-up memory systems. 


Ordering Information 


ae ae eee Le ae a ee 
MODULE “55°C to +125°C HM5-6806S-6 | HM5-6806B-8 | HM5-6608-6 
MODULE “55°C to +125°C HM5-8808AS-8 | HM5-8808AB-8 | HM5-8808A-6 


Pinouts Functional Diagram 
28LEAD MODULE 28 LEAD MODULE 
TOP VIEW TOP VIEW eae 
DOO - DO7 
W 
G 


CMOS MEMORY 


HM-8808 HM-8808A 


ant ata E2 
E, E1 


(HM-8808A 
ONLY) 


PIN] DESCRIPTION 


Data Input/Output 
Chip Enable (HM-8808) 
Chip Enable (HM-8808A) 
Chip Enable (HM-8808A) 
Write Enable 
Output Enable 


Ol Sto Omi 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HM-8808, HM-8808A 


Absolute Maximum Ratings 


Supply VONAGE .6 ick ks sheds soe bb weld ee cede sees kewelee 47.0V°. “Gate: COUN soy sic wx eee ree ewe tates OS EGE 105000 Gates 
Input or Output Voltage................ GND-0.3V to VCC+0.3V Junction Temperature ............ cece cee cee renee +175°C 
Storage Temperature Range ................. -65°C to +150°C Lead Temperature (Soldering 10S) ............ cee eeeee +300°C 


' CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range.............ee cece +4.5V to +5.5V Input Rise and Fall Time .............ccc cece eens 40ns Max. 
Operating Temperature Range..............-. -55°C to +125°C 


DC Electrical Specifications VCC =5V + 10%; T, = -55°C to +125°C (HM-8808X-8) 


HM-8808S/AS-8, HM-8808B/AB-8 IO = 0, 
E = VCC-0.3V (Note 4), E2 = 0.3V (Note 5) 


HM-8808_/A-8 IO = 0, E = VCC-0.3V 
(Note 4), E2 = 0.3V (Note 5) 


ICCSB_ | Standby Supply Current (TTL) ee ee ee IO = 0, E = VIH (Note 4), E2 = VIL (Note 5) 


ICCEN Enabled Supply Current HM-8808S/AS-8, HM-8808B/AB-8, IO = 0, 


E = VIL (Note 4), E2 = VIH (Note 5) 
iCCOP Operating Supply Current 


HM-8808_/A-8, IO = 0, E = VIL (Note 4), 
ICCDR Data Retention Supply Current 


E2 = VIH (Note 5) 


70 IO = 0, f = 1MHz, E = VIL (Note 4), E2 = VIH 
(Notes 2, 5) 


HM-8808S/AS-8, HM-8808B/AB-8, 
VCC = 2.0V, E = VCC-0.3V (Note 4), 
E2 = 0.3V (Note 5) 


HM-8808_/A-8, 3 
VCC = 2.0V, E = VCC-0.3V (Note 4), 
E2 = 0.3V (Note 5) 


Vl = GND or VCC 
VIO = GND or VCC 


ress MEP 
(Note 5) 

V 

V 


Input Leakage Current 
lOZ Input/Output Leakage Current 


VCCDR Data Retention Supply Voltage 


VOL Output Low Voitage 
VOH1 Output High Voltage 


VOH2 Output High Voltage VCC-0.4 
input Low Voltage 


VIL 
VIH 


Input High Voltage 


Capacitance = T, = +25°C (Note 3) 


SYMBOL[__PARAWETER——[_~WIN 
[Enable put Capactanes 
an 
ae 
Ee 


[uns [TESTCONDMTIONS 
[pF VE = VOC or GND, T= Tie (Note 3) 
[pF | VW= VOC or GND, T= THe (oie) 

[PF | Wis VOC or GND, T= THe (Notes) 
g [SF | W0= VOC or GND, T= TMRz (Note) 
NOTES: 


. All devices tested at worst case temperature and supply voltage limits. 
. Typical derating = 5mA/MHz increase in ICCOP, VI = VCC or GND. 

. Guaranteed but not tested. 

. Relevant to the HM-8808-8 only. 

. Relevant to the HM-8808A-8 only. 


Write Enable Capacitance 


CE 
CW 
Cl 

lO 


th 


nm & © NM 
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Specifications HM-8808, HM-8808A 


HM-8808_/A-8 (NOTES 1, 2) 
TEST 


AC Electrical Specifications VCC =5V 10%; T, =-55°C to +125°C 


HM-8808S/AS-8 | HM-8808B/AB-8 


SYMBOL PARAMETER MIN | MAX 


READ CYCLE 
Read Cycle Time | 100 
Address Access Time [an 


Chip Enable Access Time 


Output Enable Access Time a 


Cc 
= 
= 
” 
7) 
2 
5 
Oo 
= 
” 


(1) TAVAX 
(2) TAVQV 


(3) TELQV Note 4) 


(4) TGLQV 


(5) TELQX | Chip Enable Output Enable Time 


(6) TGLQX | Output Enable Output Enable Time Lee Note 3) 


(7) TAXQX | Address Output Hold Time 


(8) TEHQZ | Chip Disable Output Disable Time 70 Notes 3, 5) 


am | ~ am | «~~ -_< 
2 
g 
[f) 
> 
— 


(9) TGHQZ | Output Disable Time Note 3) 


Write Cycle Time | 100. | 
(11) TELWH | Chip Enable to End of Write 
(12) TWLWH | Write Enable Pulse Width | 40 | 


WRITE CYCLE 


(10) TAVAX 


Note 4) 


(13) TELEH | Enable Pulse Width (Early Write) 
(14) TAVWL | Address Setup Time (Late Write) 


om 


-_~ ~~ - -«~ — om, om 
z z= 
a 2 
x & 
and GS 
Po 
or 
— 


Notes 3, 4) 


(15) TAVEL {Address Setup Time (Early Write) 


(16) TWHAX | Address Hold Time (Late Write) 
(17) TEHAX | Address Hold Time (Early Write) | 30 
(18) TDVWH | Data Setup Time (Late Write) | 90 


Note 3) 


(19) TDVEH | Data Setup Time (Early Write) 


(20) TWHDX | Data Hold Time (Late Write) | 10 


(21) TEHDX | Data Hold Time (Early Write) pa fe | 


Note 5) 


(22) TWLEH | Write Enable Pulse Setup Time | 40 
(23) TWLOZ | Write Enable Output Disable Time foe 
(24) TWHQX | Write Disable Output Enable Time fo! 


NOTES: 
1. All devices tested at worst case temperature and supply voltage limits. 


2. Input pulse levels: VIL = 0.0V, VIH = 3.0V Input rise and fall times: 5ns (max.) VCC = 4.5V and 5.5V. Input and output timing reference 
levels: 1.5V Output load: 1 TTL gate equivalent and 50pF (min, including scope and jig). 


3. Guaranteed but not tested. - 
4. “EL” (enable input valid) equivalent to: EL on the HM-8808-8. EIL and E2H on the HM-8808A-8 
5. “EH” (enable input invalid) equivalent to: EH on the HM-8808-8. EIH or E2L on the HM-8808A-8. 


Note 3) 


Note 3) 
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CMOS MEMORY 


HM-8808, HM-8808A 


Truth Table | | 
) ee ee le 
[ewavenos [we [x [ee [x 
a 


HM-8808 Timing Diagrams 
READ CYCLE 1 (Notes 1, 2) 


TAVAX 
A x ADDRESS 1 xX ADDRESS 2 xX 
TAXOX 
(2) 
Q XK KK DATA | ROX DATA 2 KOK 
READ CYCLE 2 (Note 1) 
TAVAX: | 


a ee 
en: . See ee ana aa aOR RIEER IE 
| TAVQV | 
{2} , 
ZA a UM 
ELOY _TEHQZ 


AU | | 


uy TGLOQV 
(6 


0 AVIVVIVIN KA 
VAVAVAVAYA MAY, 


NOTES: 
1. In aread cycle, W is held high. | 
2. In read cycle 1, the module is kept continuously enabled. G, and E are held at VIL. 
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HM-8808, HM-8808A 


HM-8808 Timing Diagrams (Continued) 
WRITE CYCLE 1. (Notes 1, 3, 4) 


TAVAX 
Asx 1K 
TAVWL | TWLWH TWHAX | 
ae (14) (16) 
; ts ceetanieremssosonandl 
TWHOX 
(11) (24) 
TOVWH 
D eo ee ey 
DAA" Av ATATAVAYAVAVAYATAVATAVAYATANAYAYA : waravava 
WRITE CYCLE 2 (Notes 2, 4) 
TAVAX 
a Pa ee Be oe eel 
a 
| 
W XN WLLL 


rr 


CMOS MEMORY 


TOVEH TEHDX 


NOTES: 


1. In Write Cycle 1, the module is first enabled and then data is strobed into the RAM with a pulse on Write Enable (W). Because W becomes 
valid after the part is enabled, this is sometimes referred to as a “Late Write” cycle. 


2. In Write Cycie 2, Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on E. Because W 
is valid before the module is enabled, this is sometimes referred to as an “Early Write” cycle. 


3. Output Enable (G) is normally held stable throughout the entire cycle. If G is held high, then the outputs (Q) remain in the high impedance 
state. If G is held low, then it may be necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDVWH 
overlapped. 


4. Data Inputs (D) and Data Outputs (Q) are connected internally at the DQ pins. 
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HM-8808, HM-8808A 


HM-8808A Timing Diagrams 
READ CYCLE 1 (Note 1, 2) 


TAVAX 
A XK___ADDRESS | 1X ADDRESS 2 XX 
i 


TAXQX 
(2) 


LC a: TE 


READ CYCLE 2 (Note 1) 


A XK xX 
TAVQV 
4) 


TELQV TEHQZ 


(NOTE 3) TELOV 
(5) 


te _TaLOV TGHQZ 


AI 


Us 


(6) 


Q ec 


NOTES: 
1. Ina read cycle, W is held high. 
2. Inread cycle 2, the module is kept continuously enabled: G and ET are held at VIL. E2 is held at VIH. 


3. The AC timing of E2 is the same as that of ET. Only the polarity is reversed. While ET is active low, E2 is active high. Therefore AC 
parameters that refer to the falling edge of enable, such as TELQV, can be applied to the rising edge of E2, and parameters that refer 
to the rising edge of enable, such as TEHQZ, can be applied to the falling edge of E2. 
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HM-8808, HM-8808A 


HM-8808A Timing Diagrams (Continued) : 
WRITE CYCLE 1: Controlled by W (Notes 1, 3, 4) 
(10) 
TAVAX 
A XY , mi 
(14) TAVWL TWLWH TWHAX —wef (16) 
W (12) 


Aw CC ge 
(NOTE 5) TELWH TWHOX —we4 (24) 
(18) TOVWH TWHDX (20) 


D Ea eee 
(23) ja TT WLOQZ 


Q ” AY Bn” MY AY AY BY AY AY AY Ye 
AV AaVaVaVaVaVaGaVaVaGavavad V.WaWe' 


WRITE CYCLE 2: Controlled by Ef (Notes 2, 4) 


A 

= lcs nae s TEHAX 

Wm "l mo 
/ a 2 NW 


(NOTE 5) TOVEH TEHDX 
aS eS 


WRITE CYCLE 3: Controlled by E2 (Notes 2, 4) 


CMOS MEMORY 


(19) 


(NOTE 5) TOVEH TEHDX (21) 
0 —_—___—_———} 
NOTES: 


1. In Write Cycle 1, the module is first enabled and then data is strobed into the RAM with a pulse on Write Enable (W). Because W becomes 
valid after the part is enabled, this is sometimes referred to as a “Late Write” cycle. 

2. In Write Cycle 2 and 3, Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on ET or 
E2. Because W is valid before the module is enabled, this is sometimes referred to as an “Early Write” cycle. 

3. Output Enable (G) is normally held stable throughout the entire cycle. If G is held high, then the outputs (Q) remain in the high impedance 
state. If G is held low, then it may be necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDVWH 
overlapped. 

4. Data Inputs (0) and Data Outputs (Q) are connected internally at the DQ pins. 

5. The AC timing of E2 is the same as that of ET. Only the polarity is reversed. While ET is active low, E2 is active high. Therefore AC pa- 
rameters that refer to the falling edge of enable, such as TELQV, can be applied to the rising edge of E2, and parameters that refer to 
the rising edge of enable, such as TEHQZ, can be applied to the falling edge of E2. 
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HM-8808, HM-8808A 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-down transitions, E (HM- 


mind. Data retention voltage and supply current are 8808) must be held between 90% of VCC and VCC 
guaranteed over temperature. The following rules insure +0.3V; E2 (HM-8808A) must be held above -0.3V and 
data retention: below 10% of VCC. 


1. The module must be kept disabled during data retention. | 3. The RAM module can begin operation one TAVAX after 


The Chip Enable (E) on the HM-8808 must be held VCC reaches the minimum operating voltage (4.5V). 
between VCC-0.3V and VCC+0.3V. Chip Enable 2 (E2) . 

on the HM-8808A must be held between -0.3V and GND 
+0.3V. 


HM-8808 Data Retention Timing | 
DATA RETENTION MODE 


(1) 
TAVAX 


ateteeomniin en eee 
” ey, ___ ol 
1 ~~ W 


VIL” : 


HM-8808A Data Retention Timing 


DATA RETENTION MODE 
vec 
re re a ee ee ee ee ee 
TAVAX 
E2 
VCCOR \ — I 
GND 
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FARRIS 


SEMICONDUCTOR 


HM-8816H 


16K x 8 High Speed Asynchronous 


tt 


January 1992 CMOS Static RAM Module 

Features Description 

¢ Low Standby Supply Current ................ 800uA The HM-8816H is a high speed, asynchronous CMOS static 

P RAM module, based on a multilayer, co-fired, dual-in-line 

Low Operating Supply Current.............. sooma ceramic substrate and eight HM-65262 16K x 1 asynchro- 

e Fast Access Time. ............... cece eens 70ns nous CMOS static RAMs packaged in leadless chip carriers. 

The HM-8816H uses on-substrate decoupling capacitors 

* Low Data Retention Supply Voltage. ........... 2.0V packaged in leadless chip carriers to reduce electrical noise 

e Wide Operating Temperature ....... -55°C to +125°C and improve reliability. The pinout of the HM-8816H 

Range conforms to the JEDEC 8 bit wide, 28 pin RAM standard, 

which allows the system designer to design sockets that will 

¢ CMOS/TTL Compatible Inputs/Outputs accommodate a variety of industry standard RAMs and 

¢ JEDEC Approved Pinout EPROMs. The HM-8816H also has gated inputs to simplify 


system design for optimum standby supply current. 


The HM-65262 RAMs used in this module are full CMOS 
devices, utilizing arrays of six transistor (6T) memory cells 
¢ Single 5V Power Supply for the most stable and lowest possible standby supply 
s » current over the full military temperature range. In addition to 
Standard DIP Size ..............+2eeee. eS this, the high stability of the 6T cell provides excellent 
e Easy Microprocessor Interfacing protection against soft errors due to electrical noise and 
alpha particles. This stability also improves the radiation 
tolerance of the RAMs over that of four transistor devices. 


¢ Full CMOS - Six Transistor RAM Cells 
¢ No Clocks or Strobes Required 


Gated Inputs 


Pinout Functional Diagram 
28 LEAD MODULE 


TOP VIEW 


CMOS MEMORY 


Standby (CMOS) 
Standby (TTL) 
Read 

Write 


Ordering Information 


TEMPERATURE 
RANGE 70ns 80ns 


MODULE -55°C to +125°C | HM5-8816HB-8 HM5-8816H-8 


Address Inputs 
Data Input/Outputs 
Chip Enable 

Write Enable 
Power (+5V) 

GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3007 
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Specifications HM-8816H 


Absolute Maximum Ratings 


SUDDIY VONAG6 i460 incnelcsaseaGiseenasie eae tecees +7.0V Junction Temperature .......... 0. cece cee cee eee +175°C 
Input, Output or /O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s) ..............0000e +300°C 
Storage Temperature Range ................. -65°C to +150°C 3=§ Gate Count... 6. ccc ccc cece e een eee 210,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range............ cece eens +4.5V to+5.5V Operating Temperature Range ................ -55°C to +125°C 


DC Electrical Specifications VCC = 5V + 10%; T, = -55°C to +125°C (HM-8816HB-8, HM-8816H-8) 


, LIMITS 
SYMBOL UNITS | 


ICCSBI 
iCCSB 


ICCOP 


ee 


mA 
pA 
V 
V 
V 


a 
a 


NOTES: 


1. Typical derating: 40mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 
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Specifications HM-8816H 


AC Electrical Specifications VCC =5V + 10%; T, = -55°C to +125°C (HM-8816HB-8, HM-8816H-8) 


HM-8816HB HM-8816H 
SYMBOL PARAMETER UNITS | NOTES 


READ CYCLE 


(1) TAVAX Read Cycle Time 

(2) TAVQV Address Access Time 70 

(3) TELQV Chip Enable Access Time 70 
0 


(5) TEHQX {| Chip Enable Output Hold Time 
(6) TAXQX Address Output Hold Time 
(7) TEHQZ Chip Disable Output Disable Time 


(4) TELQX Chip Enable Output Enable Time ee 


WRITE CYCLE 


Write Cycle Time | 70 | 
Chip Enable to End of Write W Controlled 

Chip Enable to End of Write 
Write Pulse Width 

Address Setup Time 
Address Setup Time 

Write Recovery Time 

Write Recovery Time 

Data Setup Time 

Data Setup Time 

Data Hold Time 

Data Hold Time 


(20) TWLQZ | Write Enable Low to Output Off 


(21) TWHQX | Write Enable High to Output On fo. s 
NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns max.; Input and output timing reference level; 1.5V; Output Load: 1 TTL gate 
equivalent and CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 


“ 


E Controlled 


N“ 


E Controlled 
W Controlled 
E Controlled 
W Controlled 
E Controlled | 30 | 
W Controlled 


E Controlled 


7 
7 
W Controlled ce 
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CMOS MEMORY 


HM-8816H 


Timing Diagram | 
READ CYCLE 1: CONTROLLED BY E | 


BR OOVOOOTR, FOO OOKOOOOON 


E 
TEHOZ 
TELOX ©) 7 
TEHOX @ 


q — ODO OOK FE XOOOKOOD 


NOTE: Wis held high for entire cycle and D is ignored. Address is stable by the time E goes low and remains valid until E goes high. 


READ CYCLE 2: CONTROLLED BY ADDRESS 


TAVAX 
A , a 
TAVQV 
E *\\Ss a 
TEHQOZ 
TELOX (4) 
| TAXQX (6) 


Q OX K RK KK KKK HE2OKOKOOOO 
NOTE: W is high for entire cycle and D is ignored. E is stable prior to A becoming valid and after A becomes invalid. 


WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 


TAVAX 
A (i 2 
Q) | - TWHAX 
TELWH 


mi 
y, 
Oe 


tL LH 


TEHQZ —> 


W te \ \ Sk 
TDVWH—= TWHDX | 
D MOOK KKK KKK KKK KKK 
(4) TWLQZ 
Q TELOX TWHOX @7) 


XXX XXKKXOOO XXX KKK 


NOTE: In this mode, E rises after W. The address must remain stable whenever both E and W are low. 
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HM-8816H 


Timing Diagrams (Continued) 
WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 


” TONS V77¥#¥ 
TWHOX (21) 
TEHDX 
TDVEH 
D KRQOOQOOOOOOOOCK LOOK KORO KOK 
a COS xXx) 
TWLQZ TEHQZ 


NOTE: In this mode, W rises after E. if W falls before E by a time exceeding TWLQZ (Max) - TELQX (Min), and rises after E by a time 
exceeding TEHQZ (Max) - TWHQ2Z (Min), then Q will remain in the high impedance state throughout the cycle. The address must 
remain stable whenever E and W are both low. 


CMOS MEMORY 
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FARRIS 


SEMICONDUCTOR 


at HM-8832 


32K x 8 Asynchronous 
January 1992 CMOS Static RAM Module 
Features Description 
¢ Full CMOS Six Transistor Memory Cell The HM-8832 is a 32K x 8 Bit Asynchronous CMOS Static 
RAM Module based on a multilayered, co-fired, dual-in-line 
¢ Low Standby Supply Current ..............+. 250A ceramic substrate, four HM-65642 CMOS Asynchronous 
¢ Low Operating Supply Current............... 15mA_ Static RAMs, and an HCT-138 high-speed CMOS decoder, 
all mounted in ceramic leadiess chip carriers. In addition to 
¢ Fast Address Access Time.................. 180ns this, each module is equipped with a ceramic capacitor to 
e Low Data Retention Supply Voltage............ 2.0V minimize power supply noise and reduce the need for 


e CMOS/TTL Compatible Inputs/Outputs 
e JEDEC Approved Pinout 

¢ Equal Cycle and Access Times 

e¢ No Clocks or Strobes Required 

¢ Single 5V Power Supply 


e¢ Easy Microprocessor interfacing 


Operating Temperature Range...... -55°C to +125°C 
Standard DIP Size - 0.6” x 1.4” 


Ordering Information 


| PKG | TEMP. RANGE | 180ns/200uA* | 180ns/750,A* 
MODULE | -55°C to +125°C | HM5-8832B-8 | HM5-8832-8 


* Access Time/Data Retention Supply Current 


Pinout 


28 LEAD MODULE 
TOP VIEW 


external decoupling. Furthermore, this capacitor is sealed in 
a ceramic leadless carrier for maximum reliability, even in 
extreme environments. All inputs on the HM-8832 are gated 
by the E input to simplify system design requirements to 
obtain the minimum standby and data retention supply 
current. The pinout of the HM-8832 conforms with the 
JEDEC standard for eight-bit wide, 28 pin RAMs, which 
allows the module to be pin compatible with future 
generations of high density RAMs and EPROMs. 


The HM-65642 RAMs used on the HM-8832 module are full 
CMOS devices, utilizing arrays of six-transistor (6T) memory 
cells for the most stable and lowest possible standby and 
data retention supply current over the full military operating 
temperature range. In addition to this, the high stability of the 
6T cell provides excellent protection against soft errors due 
to power supply noise and alpha particles. This stability also 
improves the radiation tolerance of the module over that of 
RAMs utilizing four transistor (4T) Mix-MOS memory cells. 


Functional Diagram 


FUNCTION 


Address Inputs 
Data Input/Output 
Chip Enable 
Output Enable 
Write Enable 


Power (+5V) 
Ground 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 3008 


Specifications HM-8832 


Absolute Maximum Ratings 


SUpDIY VOlAGG 56 ii eee Leo S Seaweeds +7.0V Junction Temperature ...... 0.0... cee ee ee ees +175°C 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s).................-.. +300°C 
Storage Temperature Range ................. -65°C to +150°C Gate Count......... 0... cece ec eee eee 405,230 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..................6.. +4.5V to+5.5V Operating Temperature Range .............. . .-55°C to +125°C 


DC Electrical Specifications VCC = 5V + 10%; T, = -55°C to +125°C (HM-8832B-8, HM-8832-8) 


(NOTE 1) 
SYMBOL PARAMETER | MIN, | MAX UNITS TEST CONDITIONS 


ICCSBI Standby Supply Current (CMOS) } = | 250 | A | HM-8832B, IO = 0, E = VCC - 0.3V 
ICCSB Standby Supply Current (TTL) 


ICCEN Enabled Supply Current IO =0, E=VIL 


ICCOP Operating Supply Current (Note 3) 10 =0, f = 1MHz, E = VIL, VIN= VCC 
or GND 


ICCDR Data Retention Supply Current HM-8832B, VCC = 2.0V, 
E = VCC - 0.3V 
| HM-8832, VCC = 2.0V, 
E = VCC - 0.3V 


es 
[—vecor [oa ion Sup vos | 20 


Capacitance T, = +25°C (Note 2) 


SYMBOL PARAMETER 
Address input Capacitance 
CDQ, CG Data, Output Enable Capacitance 


A 
Chip Enable Capacitance 
Write Enable Capacitance 


NOTES: 
1. All devices tested at worst case temperature and supply voltage limits. 
2. Guaranteed but not tested. 
3. Typical derating 5mA/MHz increase in ICCOP. 


6-219 


CMOS MEMORY 


Specifications HM-8832 


AC Electrical Specifications VCC =5V + 10%, T, = -55°C to +125°C (HM-8832B-8, HM-8832-8) 


ers 
— PARAMETER Pan [wax wn | wa 


READ CYCLE 
(1) TAVAX 
(2) TAVQV 
(3) TELQV 
(4) TGLQV 
(5) TELOX 
(6) TGLAX 
(7) TAXQX 
(8) TEHQZ 
(9) TGHQZ 

WRITE CYCLE 

(10) TAVAX 
(11) TWLWH 
(12) TELWH 
(13) TELEH 
(14) TAVWL 
(15) TAVEL 
(16) TWHAX 
(17) TEHAX 
(18) TDVWH 
(19) TOVEH 
(20) TWHDX 
(21) TEHDX 
(22) TWLQZ 


(NOTES 1, 3) 
TEST 
CONDITIONS 


Read Cycle Time Pao 4 
Address Access Time fie es 
Chip Enable Access Time el 
Output Enable Access Time et ese 
Chip Enable Output Enable Time 
Output Enable Time 

Address Output Hold Time 


Chip Disable Output Disable Time 


62) 


Output Disable Time 


md, 
S 
ao 
>) 
or 


Write Cycle Time 
Write Pulse Width 
Chip Enable to End of Write 
Chip Enable to End of Write 


W Controlled 
E Controlled 
W Controlled 
E Controlled 
W Controlled 
E Controlled 
W Controlled 
E Controlled 

"W Controlled 
E Controlled 


ss 
ner 
aaa 
an 


aan! 


ae 


Peed 
(23) TWHOX 
NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 100pF (min) including scope and jig - for CL greater than 100pF, access time is derated by 0.15ns per pF. 


2. Guaranteed but not tested. 
3. All devices tested at worst case temperature and supply voltage limits. 


Address Setup Time 
Address Setup Time 
Write Recovery Time 


Write Recovery Time 


Data Setup Time 

Data Setup Time 

Data Hold Time 

Data Hold Time 

Write Enable Output Disable Time 


~* 
co 
So 


Write Disable Output Enable Time 
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HM-8832 


Timing Diagram 
READ CYCLE 1: ADDRESS CONTROLLED (Notes 1, 2) 
(1) 


A XC ADDRESS1 VALID 2EX  ADDRESS2VALID XXX 
Q KXKKKXKK DATA1 VALID ACX DATA2VALID 


READ CYCLE 2: E OR G CONTROLLED (Note 1) 


(3) TELQV 
(5) TELQX aoe 


ol 


Q 


READ CYCLE NOTES: 1. Ina read cycle, Wis held high. sas = tae 
2. In read cycle 1, the module is kept continuously enabled: E and G are held low. 


WRITE CYCLE 1: W CONTROLLED (Note 1) 


(10) 
TAVAX 


mi 


Ww 


D 220000000CK EE 
ALO ALP OF OG ALO AS OG A 5 (N22 eS 


(22) |n- TWLQZ mA | 
Q 


WRITE CYCLE 1: E CONTROLLED (Note 2) 


> 
a 
Oo 
= 
uu 
= 
” 
oO 
= 
O 


(10) 
TAVAX 


=| 


WRITE CYCLE NOTES: 1. In Write Cycle 1, the module is first enabled, and then data is strobed into the RAM with a pulse on W. If Gis 
held high for the entire cycle, the outputs will remain in the high impedance state. If G is held low, it may be 
necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDVWH overlapped. 


2. In Write Cycle 2, Address (A) and Write Enable (W) are first setup and then data is strobed into the RAM with 
a pulse on E. 
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January 1992 
Features 
¢ Low Standby Current............... 500A 
e Fast Address Access Time........... 170ns 
¢ Data Retention .............. 2.0V Min VCC 
¢ Three-State Outputs 
¢ Organizable as 32K x 8 or 16K x 16 Array 
e On Chip Address Registers 
¢ 48 Pin DIP Pinout ...... 2.66" x 1.30" x 0.29" 
e Synchronous Operation ......... 30mA/MHz 

Yields Low Operating Power 

¢ Operating Temperature Range......- 55°C to 


+125°C 


Ordering Information 


-55°C to +125°C | HM5-92560-8 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


HM-92560 


256K Synchronous 
CMOS RAM Module 


Description 


The HM-92560 is a high density 256K bit CMOS RAM module. Six- 
teen synchronous HM-6516 2K x 8 CMOS RAMs in Leadless Chip 
Carriers are mounted on a multilayer ceramic substrate. The HM- 
92560 RAM module is organized as two 16K x 8 CMOS RAM arrays 
sharing a common address bus. Separate data input/output buses 
and chip enables allow the user to format the HM-92560 as either a 
16K x 16 or 32K x 8 array. Ceramic capacitors are included on the 
substrate to reduce noise and to minimize the need for additional 
external decoupling. 


The synchronous design of the HM-92560 provides low operating 
power along with address latches for ease of interface to multiplexed 
address/data bus microprocessors. 


The HM-92560 is physically constructed as an extra wide 48 pin dual- 
in-line package with standard 0.1" centers between pins. This 
package technique combines the high packing density of CMOS and 
Leadliess Chip Carriers with the ease of use of DIP packaging. 


48 LEAD MODULE 


TOP VIEW 
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HM-92560 


Functional Diagram 
w 
A0-A10 
‘= - ses A0-10 
ss Ww Ww 3 
DaQ0-7 G S pao-7 
Ei ES 
E8 E16 
_ A0-10 | a A0-10 i 
E - ar E 
DQ0-7 DQ0-7 
J HM-6516 
DQ0-7 GA GB DQB-15 
Organizational Guide 
FOR 32K x 8 CONFIGURATION Concerns for Proper Operation of Chip Enables: 
CONNECT: PIN 16 (DQ0O) to PIN 33 (DQ8) The transition between blocks of RAM requires a change in 
PIN 17 (DQ1) to PIN 32 (DQ9) the chip enable being used. When operating in the 16K x 16 
PIN 18 (DQ2) to PIN 31 (DQ10) mode use the chip enables as if there were only eight, E1 
PIN 19 (DQ3) to PIN 30 (DQ11) thru E8. In the 32K x 8 mode, all chip enables must be 
PIN 20 (DQ4) to PIN 29 (DQ12) treated separately. Transitions between chip enables must 
be treated with the same timing constraints that apply to any 
PIN 21 (DQ5) to PIN 28 (DQ13) ' ; 
PIN 22 (DOG) to PIN 27 (DO14 one chip enable. All chip enables must be high at least one 
aero ( chip enable high time (TEHEL) before any chip enable can ra 
PIN 23 (DQ7) to PIN 26 (DQ15) fall. As the HM-92560 is a synchronous memory every fe) 
FOR 16K x 16 CONFIGURATION address transition must be accompanied by a chip enable = 
CONNECT: PIN 6 (E1) to PIN 15 (E9) transition (see timing diagrams). More than one chip enable = 
PIN 7 (E2) to PIN 24 (E10) low simultaneously, for devices whose outputs are tied com- 8 
PIN 8 (E3) to PIN 25 (E11) sa sii pais or externally, is an illegal input condition = 
PIN 9 (Ed) to PIN 34 (E12) pie Mees ees o 
PIN 10 (E5) to PIN 35 (E13) Printed Circuit Board Mounting: 
Sass (E6) ee ee) The leadiess chip carrier packages used in the HM-92560 
PIN 12 (E?) to PIN 39 (E15) have conductive lids. These lids are electrically connected to 
PIN 14 (E8) to PIN 40 (E16) GND. The designer should be aware of the possibility that 
PIN 13 (GA) to PIN 36 (GB) the carriers on the bottom side could short conductors below 


if pressed completely down against the surface of the circuit 
board. The pins on the package are designed with a standoff 
feature to help prevent the leadless carriers from touching 
the circuit board surface. 
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Specifications HM-92560 


Absolute Maximum Ratings 


SUDDIY VOlNadGa.).s. or ei ees caw hee aw bed ae et eaters +7.0V Junction Temperature ... 2.0... cc ccc ee ee ees +175°C 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s) ................00es +300°C 
Storage Temperature Range ................. “65°C to+150°C Gate Count.......... cece cece e eee eens 415250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................000e- +4.5V to +5.5V Operating Temperature Range................ -55°C to +125°C 


DC Electrical Specifications VCC = 5V + 10%; Ty = -55°C to +125°C ( HM-92560-8) 


PARAMETER | MIN. | MAX | UNITS | (NOTE 1) TEST CONDITIONS 
ICCSB | Standby Supply Current | +f 500 | pA iO = OmA, VI = VCC or GND 
mA 


ICCOP Operating Supply Current (16K x 16) (Note 2) E 


E = 1MHz, IO = OmA, VI = VCC or 
ICCOP Operating Supply Current (32K x 8) (Note 2) 


GND, G = VCC 
ICCDR Data Retention Supply Current 


E = 1MHz, IO = OmA, VI = VCC or 
GND, G = VCC 
A 
VCCDR_ | Data Retention Supply Voltage 


VCC =2.0V, |O = OmA, VI = VCC or 
Ee Input Leakage Current 


HOZ Input/Output Leakage Current 


GND, E = VCC 
i er 
input Low Voltage 
Input High Voltage 
VOL 


en 
ce eS 
1 

Output High Voltage : 

Output High Voltage (Note 3) 

Capacitance T, = +25°C 

PARAMETER 


VCC-2.0 


10 = -1.0mA 
1O =-100"A 


VCC-0.4 


+ 
- 
Oo 


f = 1MHz, All measurements are 
referenced to device GND 


Output Enable input Capacitance (16K x 16) 
(Note 3) : 


Output Enable Input Capacitance (32K x 8) 
(Note 3) 


NOTES: 
1. VCC = 4.5V and 5.5V 
2. Typical derating 5mA/MHz increase in ICCOP. 
3. Tested at initial design and after major design changes. 
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Specifications HM-92560 


AC Electrical Specifications VCC = 5V + 10%; T, = -55°C to +125°C (HM-92560-8) 


[svwpot_ [PARAMETER [WN | WAX | UNITS | TESTOONDITIONS 
[Wy Tetav | Caperatiopccosstine Of ne ) 


170 

70 

7 
7 


i (Notes 1, 3) 
(9) TEHEL Chip Enable Pulse Positive Width 


(Notes 1, 3) 
(18) TELEL Read or Write Cycle Time (Notes 1, 3) 
NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 


a 
Le 
Eee 
Ee 
eae 
eae 
Ce 
| 
| (10) TAVEL | Address Setup Time | 
a 
pe 
Ne 
2 


Read Cycle 


2 ; 
FS -(10} 
(10) raver pe TAVEL-|" 


AED VALID | ADD REESE SEES SOT ERRSOK NEXT [ADD 


(9} ~~ TEHEL - TEHEL (9) 


eC een eRe ase 


4 TEHOZ j~— TELQV {1} {4} 
(4) BiCrevax TEHOZ 


S| m 


(5}*Gtox —~- - ‘Te 
erent} 


Fae 


ee 

[Vv] oupurvaig 
x [V_| Read Accompisheds 
: 


a 
ae 
aca 


CMOS MEMORY 


HM-92560 


Read Cycle (Continued) 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
_ hold time requirements must be met. After the required hold 

time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 


enabled but data is not valid until time (T = 2). W must 
remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out- 
put buffers into a high impedance mode at time (T = 4). 


Write Cycle 


(11) 
(10) | reLax|_ 
TAVEL 


OOOO 
seeeateteeaeeeeeetelN 
RRR ON 


mi 


OUI NNN 


ari 


FeV Vata 


Da © 
G HIGH 


TIME 
REFERENCE 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip regis- 
ters. If a write cycle is to be performed where the output is 
not to become active, G can be held high (inactive). TWHDX 
and TDVWH_must_be met for proper device operation 
regardless of G . If E and G fall before W falls (read mode), a 
possible bus conflict may exist. If E rises before W rises, ref- 
erence data setup and hold times to the E rising edge. The 


el ae i 
ie ee 
px | HK fx |X | Prepare for Next Cycle (Same as-1) 
eae Oe i 


(10) 
TAVEL 


NEXT ADD 


WLWH TWLER (13) 


00-00-0000 0"6" 0666604 O06 6°6'6 
OOK ONC SG LG 
CSS 55059050505 

oo RII 


FUNCTION 


[x | Gee Begins, asarosses ave Latched 
» 4 


Cycle Ends, Next Cycle Begins (Same as 0) 


write operation is terminated by the first rising edge of W (T 
= 2) or E (T = 3). After the minimum E high time (TEHEL), 
the next cycle may begin. If a series of consecutive write 
cycles are to be performed, the W line may be held low until 
all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising edge 

of E. 
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Features 
e¢ Low Standby Current.......... 600LA/3.5mA 
e Fast Access Time. ..............0005 250ns 
¢ Data Retention ................0.00e- 2.0V 
¢ Three-State Outputs 


Organizable As 32K x 8 or 16K x 16 Array 
Buffered Address And Control Lines 

On Chip Address Registers 

48 Pin DIP Pinout - 2.66" x 1.30" x 0.29" 


Operating Temperature Range...... -55°C to 
+125°C 


Ordering Information 


Bet Ha50 | _HME-AETOS 


Pinout 


48 LEAD MODULE 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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HM-92570 


256K Buffered Synchronous 
CMOS RAM Module 


Description 


The HM-92570 is a fully buffered 256K bit CMOS RAM Module con- 
sisting of sixteen HM-6516 2K x 8 CMOS RAMs, two 82C82 CMOS 
octal latching bus drivers, and two HCT-138 CMOS 3:8 decoders in 
leadiess chip carriers mounted on a multilayer ceramic substrate. The 
HM-92570 RAM Module is organized as two 16K x 8 CMOS RAM 
arrays sharing a common address bus. Separate data input/output 
buses allow the user to format the HM-92570 as either a 16K x 16 or 
32K x 8 array. 


On-board buffers and decoders reduce external package count 
requirements. Write enable, output enable and chip enable control 
signals are buffered along with address inputs. Ceramic capacitors 
sealed in leadless carriers are included on the substrate to reduce 
power supply noise and to reduce the need for external decoupling. 


The synchronous design of the HM-92570 provides low operating 
power along with address latches for ease of interface to multiplexed 
address/data bus microprocessors. 


The HM-92570 is physically constructed as an extra wide 48 pin 
dual-in-line package with standard 0.1" centers between pins. This 
package technique combines the high packing density of CMOS and 
leadless chip carriers with the ease of use of DIP packaging. 


a3] Ad PIN NAMES 


| PIN | DESCRIPTION 


E2B 
: 
NC 
a 
32} Das 
Blo 
30] Da11 
/29] DQ12 
28} DQ13 
27] DQ14 
[26] DAIS 
125] GND 
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HM-92570 


Functional Diagram 


82C82 
a > 
és . 
A0-A10 


Organizational Guide 
FOR 32K X 8 CONFIGURATION 


Connect: Pin 16 (DQO) to Pin 33 (DQ8) 
Pin 17 (DQ1) to Pin 32 (DQ9) 
Pin 18 (DQ2) to Pin 31 (DQ10) 
Pin 19 (DQ3) to Pin 30 (DQ11) 
Pin 20 (DQ4) to Pin 29 (DQ12) 
Pin 21 (DQ5) to Pin 28 (DQ13) 
Pin 22 (DQ6) to Pin 27 (DQ14) 
Pin 23 (DQ7) to Pin 26 (DQ15) 


FOR 16K X 16 CONFIGURATION 


Connect: Pin 9 (E1A) to Pin 40 (E1B) 
Pin 10 (E2A) to Pin 39 (E2B) 
Pin 11 (E3A) to Pin 38 (E3B) 
Pin 13 (GA) to Pin 36 (GB) 


Concerns for Proper Operation of Chip Enables: 


The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 16K x 16 
mode, use the chip enables as if there were only three, E1 
thru E3. In the 32K x 8 mode, all chip enables must be 
treated separately. Transitions between chip enables must 


E38 


eee 0%) A ! 1 
Boe i 
Boos A13 
ey E1B 
nan | a 


be treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. As the HM-92570 is a synchronous memory, every 
address transition must be accompanied by a chip enable 
transition (see timing diagrams). More than one chip enable 
low simultaneously, for devices whose outputs are tied com- 
mon either internally or externally, is an illegal input condition 
and must be avoided. To properly decode the chip enables, 
addresses Ai1, A12, and A13 must be valid for the duration 
of TAVAV. 


Printed Circuit Board Mounting: 


The leadiess chip carrier packages used in the HM-92570 
have conductive lids. These lids are electrically connected to 
GND.The designer should be aware of the possibility that the 
carriers on the bottom side could short conductors below if 
pressed completely down against the surface of the circuit 
board. The pins on the package are designed with a standoff 
feature to help prevent the leadless carriers from touching 
the circuit board surface. 
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Specifications HM-92570 


Absolute Maximum Ratings 


SUPDIV VONAGE 5 ¢-o5 donee ete eoen teehee Layee ee Meas +7.0V Junction Temperature... 6... cc cece eee +175°C 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s) ................2065 +300°C 
Storage Temperature Range ................. -65°C to+150°C Gate Count.......... ccc cece cece teen eeee 417200 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range...............02 eee +4.5V to +5.5V Operating Temperature Range................ -55°C to +125°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -55°C to +125°C (HM-92570-8) 


PARAMETER | oMIN- | MAX | UNITS | (NOTE 1) TEST CONDITIONS 
ICCSB_ | Standby Supply Current | = | 600 |p 1O = OmA, VI = VCC or GND 


ICCOP Operating Supply Current (16K x 16) (Note 3) mA E= 1MHz, tO = OmA, VI = VCC or 
GND, G = VCC 

ICCOP Operating Supply Current (32K x 8) (Note 3) mA E= 1MHz, {0 = OmA, VI = VCC or 
GND, G = VCC 

ICCDR Data Retention Supply Current pA VCC = 2.0V, |O = OmA, VI = VCC or 
GND, E = VCC 


Hieal lierionioe 

pM Input Leakage Current | 1.0 +1.0 
ao 
pt 
Eas 4 
en 


[102 | pwOuiat Leakage Curent 
VIL input Low Voltage 

vit [inpar gh Votan 
vot [ouparignvetae 


Capacitance T, = +25°C 


SYMBOL PARAMETER 
Address Input Capacitance (Note 2) 


CiE1 Decoder Enable Input Capacitance (16K x 16) 
(Note 2) 

CIE2 Decoder Enable Input Capacitance (32K x 8) 
(Note 2) 

CIG1 Output Enable Input Capacitance (16K x 16) 
(Note 2) 


VCC 


TEST CONDITIONS 


Vi = VCC or GND, f = 1MHz 


= VCC or GND, f = 1MHz 


UNITS 
rae VI = VCC or GND, f = {MHz 
Vi = VCC or GND, f = 1MHz 


pF 

pF 

pF 

pF 

VIO = VCC or GND, f = 1MHz 

VO = VCC or GND, f = 1MHz 

VI = VCC or GND, f = 1MHz 

powF [f=tMHz 


Vl 
Vi = VCC or GND, f = 1MHz 
H 


CIG2 Output Enable Input Capacitance (32K x 8) 
(Note 2) 


Input/Output Capacitance (16K x 16) (Note 2) 
CciO2 Input/Output Capacitance (32K x 8) (Note 2) 
Write Input Capacitance (Note 2) 


CCVCC_ | Decoupling Capacitance (Note 2) 
NOTES: 
1. VCC = 4.5V and 5.5V. 
2. Tested at initial design and after major design changes. 
3. ICCOP is proportional to operating frequency. 
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| Specifications HM-92570 
AC Electrical Specifications VCC = 5V + 10%; T, = -55°C to +125°C (HM-92570-8) 7 | 


SYMBOL PARAMETER = =| MIN | MAX | UNITS | TEST CONDITIONS | 
(1) TELQV | Chip Enable Access Time | of 250 floss _ (Notes 1, 4) 
(@) TAVGV __| Address Access Time CI Ee 


(8) TELOX | Chip Enable Outputenabio Time [8 | - | rs | (Notes2,4) 
a) TER | Ghip Enable Output DisabieTime | _- | 160 | ns | _(Notes2a) 
(6) TLV | OutputEnable Ouiputvaia time | - | 120 | ns | (Notes) 
[fy TGHZ | Output Enable Output Disable Time |__| 160_| rs | (Notos2,4) 
(8) TELEH | Chip Enable Pulse Negative width | 250 | - | ne | (Nowe, 
[(@) TEHEL | Chip Enable Pulse Positvewiath | 100 | - | ns | _(Nolest,4) 
(10) TAVEL [Address Seuptime_——~—S~S~«dT~SiO | dt | CN) 
[itt TELAX | AddressHoid Time [120 | - | ne | _ (Noes) 
[(12) TWLWH | Write Enable Puse width | 140 | - | ms | __(Notost.) 
(13) TWLEH | Write Enable Pulse Setup Time | 140 | - | ns | (Notes) 
(14) TELWH | Write Enable Pulse Hod Time | 250] - | ns | (Notes) 
(15) TOWWH [OataSoupTime {20 | - | s | (Nos, __| 
(16) TWHOX [DataHodTime _———+{ 70 | - | s | (Noes) _—+ 
r(i7) TWLOV | Wite Data Delay Time | 20] | »s_| Notes.) 
(18) TELEL | Readorwiite Cyciotime | 960 | - | ns | (Noes. _—_— 
[(19) TAVAV | Enable Decoder Address Valid time | 270 | - | ns | (Apploa Only ATT, At2,A13) 
NOTES: 


"1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Includes A11, A12, A13. 
4. VCC = 4.5V and 5.5V. 


Read Cycle 
. | raver-| (10) 
A tueiesites : eA titan <n} a fs ADO 
E3A and £36 are opposite polarity of E 1A. (9) TEHEL (9) 
. EVA,E2A,£3A° 
£1B,E2B,E38 
Ww 
(4)—-j TeHaz a J —frenoe (4) 
pa EER WAuIo oara our y 
PACs 
pet © WW’U0UITI NNN | ULL ,JK WS 
TAVAV 
Az SOOO YYW 
TIME 
REFERENCE 4 - ; > 3 i 4 
TRUTH TABLE 


TIME DATA VO 
REFERENCE | E | W | G | A | DQ FUNCTION 
ef ee | ero eae 
pO NK x 2 | Cycle Begins, Addresses are Latched | 


L 


Prepare for Next Cycle (Same as -1) 


ae | Vv [2 | Cycle Ends, Next Cycle Begins (Same as 0) 


a a 
ee ee 
pe | 
ae ee 
ie Se ae 
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Read Cycle (Continued) 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 
enabled but data is not valid until time (T = 2), W must 


Write Cycle 


(10). tavermpe ft) 


Lo 0505°, %e BESOIN SCOCICIIOCIICOCIC 
A POND OK VALID ADD EEX 50504 eesacetatett PSEA 
6.2 


*E3A and E3B are opposite polarity of E1A. (9) EMEL 


E1A,E2A,E3A° 


remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out- 
put buffers into a high impedance mode at time (T = 4). Gis 
used to disable the output buffers when in a logical “1” state 
(T =-1, 0, 3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 


Taver }(10) 
NEXT ADO 


(18) 


‘e"e'e'e"e 0: 0'@ © 


£1B,E2A,E38 
- Reeaaad es) 
MMM ATI --WWOMNNEG (2) MMLLLLLLLLL WW 
TOVWH-54(15) L._twHox (16) 
DO FE RRND eeeeeemenenets 
G HIGH TAVAV 


ee8, XXS52 KOO? 
an RRND 


TIME 


REFERENCE 1 0 


eee) ee 
SET ee OTR 


ROR NX 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip regis- 
ters. If a write cycle is to be performed where the output is not 
to become active, G can be held high (inactive). TDVWH and 
TWHDX_must be met for proper device operation regardless 
of G. If E and G fall before W falls (read_mode), a possible 
bus conflict may exist. If E rises before W rises, reference 


data setup and hold times to the E rising edge. The write 
operation is terminated by the first rising edge of W (T = 2) or 
E (T = 3). After the minimum E high time (TEHEL), the next 
cycle may begin. If a series of consecutive write cycles are to 
be performed, the W line may be held low until all desired 
locations have been written. In this case, data setup and hold 
times must be referenced to the rising edge of E. 
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Features 
¢ Low Standby Current.............0cceeeeees 900A 
¢ Low Operating Supply Current............. 10/20mA 
¢ Fast Address Access Time............00000% 180ns 
¢ Low Data Retention Supply Voltage............ 2.0V 


¢ CMOS/TTL Compatible Inputs/Outputs 
Buffered Address and Control Lines 


¢ 48 Pin DIP Pinout...............06. 2.66 x 1.3 x 0.3” 
¢ Operating Temperature Range...... -55°C to +125°C 
Description 


The HM-91M2 is a fully buffered 1,048,572 bit CMOS RAM 
module consisting of sixteen HM-65642 8K x 8 CMOS 
RAMs, two 82C82 CMOS octal buffers, and two HCT-138 
CMOS 3:8 decoders in leadless chip carriers mounted on a 
multi-layer, co-fired, ceramic substrate. The HM-91M2 
CMOS RAM module is organized as two 64K x 8 RAM 
arrays sharing a common address bus and write enable 
input. Separate data input/output buses allow the user to for- 
mat the HM-91M2 as either a 64K x 16 or 128K x 8 bit array. 


The on-substrate CMOS buffers and decoders on the HM- 
91M2 reduce the system package count and minimize the 
Capacitive load on the system address and control buses. In 
addition to this, the HM-91M2 has on-substrate decoupling 
capacitors mounted in leadiess chip carriers to reduce power 
supply noise and minimize the need for external decoupling 
while ensuring high reliability, even in harsh environments. 


The HM-91M2 is physically constructed as an extra wide 48 
pin dual-in-line package with standard 0.1” centers between 
pins to combine the high density of CMOS and leadiess chip 
carriers with the ease of use of DIP packaging. 


The HM-65642 RAMs used on the HM-91M2 module are full 
CMOS devices, utilizing arrays of six-transistor (6T) memory 
cells for the most stable and lowest possible standby and 
data retention supply current over full military operating tem- 
perature range. In addition to this, the high stability of the 6T 
cell provides excellent protection against soft errors due to 
power supply noise and alpha particles. This stability also 
improves the radiation tolerance of the module over that of 
RAMs utilizing four transistor (4T) Mix-MOS memory cells. 


Ordering Information 


GOI HasO | AMeCTNEE-S| HME SINS 


HM-91M2 


 IMBit Asynchronous 
CMOS Static RAM Module 


Pinout 48 LEAD MODUL 
TOP VIEW 


PIN NAMES 


Tee [_ escrow 
a [paseo 
<a 
a [ome 
ex [ewemm 
a 
we 


Write Enable = 
Module Select < 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. . File Number 301 1 
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HM-91M2 


Functional Diagram 


82C82 


s| 


AN-A10, A14, A15 
13 


E3A 
oa0 D0Q7 


Organizational Guide 
FOR 128K X 8 CONFIGURATION 


Connect: Pin 16 (DQO) to Pin 33 (DQ8) 
Pin 17 (DQ1) to Pin 32 (DQ9) 
Pin 18 (DQ2) to Pin 31 (DQ10) 
Pin 19 (DQ3) to Pin 30 (DQ11) 
Pin 20 (DQ4) to Pin 29 (DQ12) 
Pin 21 (DQS) to Pin 28 (DQ13) 
Pin 22 (DQ6) to Pin 27 (DQ14) 
Pin 23 (DQ7) to Pin 26 (DQ15) 


FOR 64K X 16 CONFIGURATION 


Connect: Pin 9 (ETA) to Pin 40 (E1B) 
Pin 10 (E2A) to Pin 39 (E2B) 
Pin 11 (E3A) to Pin 38 (E3B) 
Pin 13 (GA) to Pin 36 (GB) 


Concerns for Proper Operation of Chip Enables: 


The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 64K x 16 
mode use the chip enables as if there were only three, E1 thru 
E3. In the 128K x 8 mode all chip enables must be treated 
separately. Transitions between chip enables must be treated 
with the same constraints that apply to any one chip enable. 
More than one (internal) chip enable low simultaneously, for 
devices whose outputs are tied together either internally or 
externally, is an illegal input condition and must be avoided. 


Alt HM- Sl — i z — oats All 
Al2 A12 
A13 HCT-138 HCT-138 A13 
E2A £28 
E3A }a-ssee2 HM- | wmsse2 | E38 


| 


Ss 0a8 DQ15 


Printed Circuit Board Mounting: 


The leadless chip carrier packages used in the HM-91M2 
have conductive lids. These lids are electrically connected to 
GND.The system designer should be aware that the carriers 
on the bottom side could short conductors below if pressed 
completely down against the surface of the circuit board. The 
pins on the package are designed with a standoff feature to 
help prevent the leadless carriers from touching the circuit 
board surface. 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in 

mind. Data retention voltage and supply current are guaran- 

teed over temperature. The following rules insure data reten- 

tion: 

1. The module must be kept disabled during data retention. 
The Chip Enable (E3A and E3B) and module select (S) 
must be between -0.3V and +0.3V. 


2. During power-up and power-down transitions. S must be 
held between -0.3V and 10% of VCC. 


3. The RAM module can begin operation one TAVAX after 
VCC reaches the minimum operating voitage (4.5V). 


DATA RETENTION MODE 


vcc 
(v) 


E3,§ 
(Vv) 
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Absolute Maximum Ratings 


SUpPlY VONAGE sc c5 oucnd ene etaweee opis edwree ee teeens +7.0V Junction Temperature ... 6.0... . cece cece eens +175°C 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s) ..............-0000- +300°C 
Storage Temperature Range ................. -65°C to +150°C } =©Gate Count... 0... ccc ce eee ee eens 1619000 Gates © 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................. .... +4.5V to +5.5V Operating Temperature Range ................ -55°C to +125°C 


DC Electrical Specifications Vcc = 5V + 10%; T, = -55°C to +125°C ( HM-91M2B-8, HM91M2-8) 


SYMBOL PARAMETER | MIN. | MAX | UNITS TEST CONDITIONS (NOTE 1) 
ICCSB1 | Standby Supply Current (CMOS) | = [900 |p IO = 0, E3 = S = 0.3V, VCC =5.5V 


ICCSB | Standby Supply Current (TTL) ie cS IO = 0, £1 = E2 = VIH, E3 =S=VIL, VCC 


= 5.5V, VIN = VCC or GND 
ICCEN | Enabled Supply Current 128K x 8 lO = 0, E1 = E2 = VIL, E3 = VIH, S= VCC 
64K x 16 


-0.3V, VCC = 5.5V, VIN = VCC or GND 
ICCOP | Operating Supply Current 128K x 8 lO = 0, f= 1MHz, E1 = E2 = VIL,S = VCC 
(Note 2) 64K x 16 


La E3 = VIH, VCC = 5.5V, VIN = VCC or GND 
ICCDR_ | Data Retention Supply Current oe 
input Leakage Current. pO 


‘Module Select Input Current 
Input/Output Leakage Current 


VCCDR | Data Retention Supply Voltage 


vo Output Low Voltage 


L 
= 


Vi Input Voitage High 


Capacitance. T, = +25°C (Note 3). 


woot [|______PawaMETER «MAX 
[nou Gapactarce Brent) dt |_| ere, Van OND 
[Moaie Saectmpacanastancs | _160_| oF [te iMFa,VEN= VOC oGND 


NOTES: 
1. All devices tested at worst case temperature and supply voltage limits. 


2. Typical derating: 128K x 8: 5mA/MHz increase in ICCOP; 64K x 16: 10mA/MHz. 
3. Guaranteed but not tested. 


Cl 
CDQ 
CIS 
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AC Electrical Specifications VCC = 5V + 10%; T, = -55°C to +125°C (HM-91M2B-8, HM91M2-8 ) 


os 

SYMBOL PARAMETER | MAX | MIN | oe Gioteey 
READCYCLE 
Tartar [aasencestne dP Pp mp me | 
Ty Tevev | Cipenate acne tine | a | 
To TsHov | woaieSooctccen Tine fee ff op me 
SS 
1) Tevex | crpenane Oupiterabe tw f= | - | | - [= | moma 
Ti TSH | wosieSooc Oupiterabe te fs fs | [= | toma 
Te Tacx [owuennetne Pf P| | te 
1) rarer | aaess OuparacTne +f oo | | | | = | tomar 
10) Texaz | Owe Casio Owe Denver [0 | me | 0 | os [me | nama 
[an Texaz | wasie Sass Gum OsaneTire | 0 | 0 [0 | @ | m | toma 
[say Towa [Oupeoeasetme +f 0 | @ | o | 7 [m= | noma 
WRITE CYCLE 
roa) Twa [WanGetme ——SSSCSC*id wT OT 
(a) TwowWr | Wee Pusewam i oo | of | me | 
05) Tewer | crncrabeioenserwene | Woonraios | wo [| 1s | [re | town 
[tay Tevex | crperaeioEraotwie | econrtes | 20 | | wo | - | re | Wows 
[my Test | Cop Enneioeraorwete | Scare | eo | | mo | - [m= | toea 
Tray Taw [acasseupTine | Wouter fo [| 0 [p= | __ 
Toa) Tavev_[AstesssoupTine | ecowoms [0 [| > [| m= | oman 
Tar Tava | AdessSouprine | Scowotea | | - [© || m | (oma) 
Te) Twix [wets RecoyTine | Wenn | vo | o [ [m= | 
22) Tex | wee Recon Tine | Ecowoieg | 10 [| |] me | nomena 
[ 2a) Tsiax | waraconyTone | Scant | 0 | [| | m | toma) 
20) Tome | ansaupTine | Woowaiea [wo [| | -[= | 
[ 25) ToveX | Ow soup nw | econrones | os | [= | - | m» | woman 
Tea) Tovst | OaasavnTine | Scowatea | ss | -[ [| m | toea) 
Tan Twiox | cua voatine | Woowatea | | [= | [ m= | 
[2a Texox [Owe oa Tne | econvones [05 | - [os | | m | noma 
2a) Tsu | cua routine | somone [a | [| [m | teen 
[a0 waz | wee Ene ouput bambe Tine [| @ [|e [re [ toea 
08) TwHex | wie sate upaenabe ne P| - [0 | - [m= | oes 


NOTES: 
1. All devices tested at worst case temperature and supply voltage limits. 


2. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns max; Input and output timing reference level: 1.5V; Output load: 1TTL gate 
equivalent and CL = 100pF min including scope and jig - for CL greater than 100pF, access time is derated by 0.15ns/pF. 


3. Guaranteed but not tested. 


4. Enable valid (EV) in a parameter is determined by the last transition that results in the combination of E1 low, | E2 low and E3 high. Enable 
invalid (EX) in a parameter is determined by the first transition that results in any other combination than E1 low, E2 low and E3 high. 
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Timing Diagrams 
READ CYCLE 1: ADDRESS CONTROLLED (NOTES 1, 2) 


READ CYCLE 2: E,S,orG CONTROLLED (NOTE 1) 


TAVAX 


Sef bo x5 eee 
Marere%e Zenefete’ 


TAVQV 


AB ( ————— | © _____/E 


) = <r 
TEVaXx al TEXQ2Z 75) 


WW) sung = AI 
THIN : Wh Tl TUL 


NOTES: 


1. In aread cycle, W is held high. 
2. In read cycle 1, the module is kept continuously enabled: E1, E2 and G are held low; E3 and S are held high. 
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Timing Diagrams (Continued) 
WRITE CYCLE 1: W CONTROLLED (NOTE 1 ) 


TAVAX (13}) 
SOOO POO IOI ICICI 
A $6556 svovetetetetetetetetetetetetetatenet, 
OOK SR eereteterereteteror oreo eee 
TAVWL TWLWH TWHAX 


(18 
TAA\\\\: WWW Wh 
in rien 
e3 (| a a AIIM ll 


eae eee 
, 
Wy, Ahhh AT 
TWHQX ia j 
Ww 
TOVWH TWHDX 
(24) (27) 
D OO rere rerereTeTererorerTece"erere” “evererererereres” rere Ten: revere rere re te tetetelerete' 
OOO I I OL I OE DO EK KK LL 
TWLOZ 5 0) 
OO ON I I IK IS FOO OOOO OOO 
CA A Ona oe ad aa rererererererereretetete’ 


My | 


WY] UM 


LAA A AAA AOL El a PR IEEE EE BAKA RA A AAAS Si iw ow we 


aaa ees eee aaeaseaene 
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Timing Diagrams (Continued) 
WRITE CYCLE 1: S CONTROLLED (NOTE 3) 


AAA 


seeee YS ae 


TA \ ae . MW 
le eee cel 
WW WUMIMM|[|[|"[e 


NOTES: 


1. In Write Cycle 1, the module is first enabled, and then data is strobed into the RAM with a pulse on (W). If G is held high for the entire 
cycle, the out[puts will remain in the high impedance state. If G is held low, it may be necessary to lengthen the cycle to prevent bus 
contention. This would occur if TWLQZ and TDVWH overlapped. 


2. In Write Cycle 2, Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on E. 


3. In Write Cycle 3, Addresses (A), Write Enable (W) and the Chip Enable inputs (E1, E2 and E3) are first set up and data is then strobed 
into the RAM with the Module Select (S) input. 


TRUTH TABLE 


Standby (CMOS) Sides A and B 
Standby (TTL) Sides A and B 


Standby (TTL) Side A 


< 
x 


Standby (TT:L) Side A 


— 


< < 


Standby (TTL) Side A 


s 
x 


Standby (TTL) Side B 


Standby (TTL) Side B 


X Standby (TTL) Side B 


VIH | Side A Enabled, Outputs High Impedance 


IH | Side B Enabled, Outputs High Impedance 


Ss 
x 


< < 


|« 


s 
- 
s 
- 
s 
a 


ESA | 
[eno | 


px | x 
ee 


< 
- 
< 
c 
< 
2 a 
< 
= 


IH Read Side A 


: 
; 
NOTE: 


1. Side A refers to the half of the module that connects to DQ0 through DQ7 and side B refers to the half of the module that conncets to DQ8 
through DQ15. When the module is configured as a 64K x 16 array, side A and side B may be enabled either simulaneously or separately. 
When the array is configured as a 128K x 8 array, side A and B should not be enabled simultaneously, as bus contention could result. 


s/s 

zis 

< 
Baa 


x 
* 
= 
x 


a 
: 
Ge 
Bog 
BOE 
ta 
B 


= 
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Features 
¢ Low Power Standby and Operating Power 


Description 
The HM-6642 is a 512 x 8 CMOS NiCr fusible link 


HNCOSB x ciitt i ciesct eae end cad eodwsieeses 1001A Programmable Read Only Memory in the popular 24 pin, 
@ NCCOP ooo cece cece cece ee cccccce 20mA at iMHz  Pyte wide pinout. Synchronous circuit design techniques 
combine with CMOS processing to give this device high 

e Fast Access Time........... ccc ew cenes 120/200ns speed performance with very low power dissipation. 


¢ Industry Standard Pinout 
e Single 5.0 Volt Supply 
¢ CMOS/TTL Compatible Inputs 


¢ Field Programmable 


Synchronous Operation 
On-Chip Address Latches 
Separate Output Enable 


On-chip address latches are provided, allowing easy 
interfacing with recent generation microprocessors that use 
multiplexed addresss/data bus structures, such as the 8085. 
The output enable controls, both active low and active high, 
further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
enable control. The data output latches allow the use of the 
HM-6642 in high speed pipelined architecture systems, and 
also in synchronous logic replacement functions. 


Applications for the HM-6642 CMOS PROM include low 
power handheld microprocessor based instrumentation and 
comunications systems, remote data acquisition and 
processing systems, processor control store, and synchro- 
nous logic replacement. 


All bits are manufactured storing a logical “O” and can be 
selectively programmed for a logical “1” at any bit location. 


Ordering Information 


Ceramic DIP 


/883* 


SMD# 


-40°C to +85°C HM1-6642B-9 HM1-6642-9 


5962-8869002JA 
-55°C to +125°C HM6-6642B/883 
5962-8869002LA 


-55°C to +125°C HM4-6642B/883 
5962-88690023A 


5962-88690013A 


“ Respective /883 specifications are included at the end of this datasheet. 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 3012 
Copyright © Harris Corporation 1992 6-239 


HM-6642 


~ Pinouts | 
24 LEAD DIP 28 LEAD LCC 


TOP VIEW TOP VIEW PIN DESCRIPTION 


Ce esseneron 
Ce 
a 
ne 
Bs mae 
ae 


* P should be hardwired to GND 
except during programming. 


LATCHED 


ADDRESS ape 
REGISTER DECODER ALL LINES POSITIVE LOGIC -ACTIVE HIGH 
THREE STATE BUFFERS: 
AHIGH —> OUTPUT ACTIVE 
DATA LATCHES: | 
8 LHIGH —> Q=D _ 
Q LATCHES ON RISING EDGE OF E 
A2 LATCHED | ADDRESS LATCHES AND GATED DECODERS: 
Al ADDRESS hae patra, ; LATCH ON FALLING EDGE OF E 
AO REGISTER GATE ON FALLING EDGE OF E 


3 ee 
P SHOULD BE HARDWIRED TO GND EXCEPT 


Ss DURING PROGRAMMING 


- 8 BIT DATA | BITDATALATCH | 


FRET? 


G3 Qo. «QI Q2 Q3 Q4 Q5 Q6 Q7 


y 


2| 


Bl 
= 
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Programming 
Introduction 


The HM-6642 is a 512 word by 8-bit field Programmable 
Read Only Memory utilizing nicrome fusible links as pro- 
grammable memory elements. Selected memory locations 
are permanently changed from their manufactured state, of 
all low (VOL) to a logical high (VOH), by the controlled 
application of programming potentials and pulses. Careful 
adherence to the following programming specifications will 
result in high programming yield. Both high VCC (6.0V) and 
low VCC (4.0V) verify cycles are specified to assure the 
integrity of the programmed fuse. This programming 
specification, although complete, does not preclude rapid 
programming. The worst case programming time required is 
37.4 seconds, and typical programming time can be 
approximately 4 seconds per device. 


The chip (E) and output enable (G) are used during the 
programming procedure. On PROMs which have more than 
one output enable control G3 is to be used. The other output 
enables must be held in the active, or enabled, state 
throughout the entire programming sequence. The program- 
mer designer is advised that all pins of the programmer's 
socket should be at ground potential when the PROM is 
inserted into the socket. VCC must be applied to the PROM 
before any input or output pin is allowed to rise” . 


Overall Programming Procedure 


1. The address of the first bit to be programmed is_ 
presented, and latched by the chip enable (E) falling 
edge. The output is disabled by taking the output enable 
G Low: The programming pin is enabled by taking (P) 
high. 

2. VCC is raised to the programming voltage level, 12.5V. 


3. All data output pins are pulled up to VCC program. Then 
the data output pin corresponding to the bit to be 
programmed is pulled low for 100ms. Only one bit should 
be programmed at a time. 


4. The data output pin is returned to VCC, and the VCC pin 
is returned to 6.0V. 

5. The address of the bit is again presented, and latched by 
a second chip enable falling edge. 


6. The data outputs are enabled, and read, to verify that the 
bit was successfully programmed. 


a). If verified, the next bit to be programmed is addressed 
and programmed. 


b). If not verified, the programs verify sequence is 
repeated up to 8 times total. 


7. After all bits to be programmed have been verified at 6.0V, 
the VCC is lowered to 4.0V and all bits are verified. 


a). If all bits verify, the device is properly programmed. 
b). If any bit fails to verify, the device is rejected. 
Programming System Requirements 


1. The power supply for the device to be programmed must 
be able to be set to three voltages: 4.0V, 6.0V, 12.5V. This 
supply must be able to supply 500mA average, and 1A 
dynamic, currents to the PROM during programming. The 
power supply rise fall times when switching between volt- 
ages must be no quicker than 1ms. 


2. The address drivers must be able to supply a VIH of 4.0V 
and 6.0V and VIL when the system is at programming 
voltages.* 


3. The control input buffers must be able to maintain input 
voltage levels of 2 70% and < 20% VCC for VIH and VIL 
levels, respectively. Notice that chip enable (E) and G 
does not require a pull up to programming voltage levels. 
The program control (P) must switch from ground to VIH 
and from VIH to the VCC PGM level.” 


4. The data input buffers must be able to sink up to 3mA 
from the PROM’s output pins without rising more than 
0.7V above ground, be able to hold the other outputs high 
with a current source capability of 0.5mA to 2.0mA, and 
not interfere with the reading and verifying of the data 
output of the PROM. Notice that a bit to be programmed 
is changed from a low state (VOL) to high (VOH) by 
pulling low on the output pin. A suggested 
implementation is open collector TTL buffers (or 
inverters) with 4.7kQ pull up resistors to VCC.* 

* Never allow any input or output pin to rise more than 0.3V above 

VCC, or fall more than 0.3V below ground. 
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Background Information HM-6642 Programming 


PROGRAMMING SPECIFICATIONS 


, | LIMITS 
SYMBOL PARAMETER 


UNITS 


> 


ee System ICC Capability 
Transient ICC Capability 


PROM INPUT PINS . 


Output Low Voltage (To PROM) 20% VCC 


Output High Voltage (To PROM) 


S 
O10 
O rn 
< 
g 
iy 
< 
© 
JS 
< 
e) 
O 
> 
pi ||: feel 


VCC VCC +0.3 


70% VCC 


Output Sink Current (At VOL) 


Output Source Current (At VOH) 


PROM DATA OUTPUT PINS 


VOL Output Low Voltage (To PROM) 


Output High Voltage (To PROM) 
1OL 


Output Sink Current (At VOL) 


70% VCC VCC VCC +0.3 


3 


ffl] fle] fetal ff 


Output Source Current (At VOH) 


° 
N 


Rise Time 10.0 


Fall Time 


TEHEL Chip Enable Pulse Width 
TAVEL Address Valid to Chip Enable Low Time 
TELQV Chip Enable Low to Output Valid Time 


Programming Pulse Width 


} we Input Leakage at VCC = VCC PROG 


+ 
—h 
ro] 


= 
> 


° 
?) 


Ambient Temperature 
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HM-6642 PROGRAMMING CYCLE 


PROGRAMMING —————————____» > <=+_________ VERIFY —________-» 


Vcc PROG 
A VIH 
VIL 


ee VIH 
VIL 


Vcc PROG 
G VIH 
VIL 


Vcc PROG 
P VIH 
VIL 


Vcc PROG 
VCC Vcc 


GND SHOSSHSHSHSHSHEHSESSEHOSHSESHSHESHHEHSHEHHESHHEHSSHHSSCHSEES SSSSSSHSHESEHSHEEOHSHSESHSEROSEEESESE 


Vcc PROG 
o -VIK/VOH 
VIL/VOL 


HM-6642 POST PROGRAMMING VERIFY CYCLE 


VIH 


Vit ee VALID 


TAVEL TEHEL TEHEL 


VIL 


rrti 


Vcc 
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0.0V @eeecevseeseeeeoeeeeoese 


SPOOSSHSHHHSSHEHSHSHHHHHESEHASHSHHEHSHHHHESEHEEHEGTOSSEHOHOSHHHSHSEHHHOHHHHOSOHHESEOSHSHSHEHOOHSSHHSHEHMOSHSHHEHEEHESHEHHSEHEHH OD 
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Absolute Maximum Ratings Reliability Information 7 

SUDDIY VONAGE 5-0 o:0 9. cron Saw SS RE eRe Ses a edacet ees +7.0V Thermal Resistance ................ Gia Bc 
input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 52°C/w 20°C/W 
Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 58°C/W 19°C/W 
Junction Temperature... 0... cece eee eee tees +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)............... cece +300°C Ceramic DIP Package .......... 2c cece eee nee eeeeee 0.96W 
Typical Derating Factor............ 5mA/MHz Increase inICCOP § Ceramic LCC Package ............. cece eee eens 0.86W 
ESD Classification ............... Se ee eee ee Class 1 ‘Gate Count icc. isciswdeew scien bee uw vs aes Hen’ 1680 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..................00. +4.5V to +5.5V Operating Temperature Range 
HM-6642B-9, HM-6642-9 ................... -40°C to +85°C 


DC Electrical Specifications VCC =5V + 1-%; T, = -40°C to +85°C (HM-6642B-9, HM-6642-9) 


| LIMITS 
SYMBOL PARAMETER | MAX | UNITS TEST CONDITIONS 


ICCSB Standby Supply Current | 100 | pA [1O=0, VI= VCC or GND, VCC =5.5V 


ICCOP Operating Supply Current (Note 3) f = 1MHz, 1O = 0, Vi = VCC or GND, 


an 
ae 
ae Flea 
[np Leakage Curent 40_| ot 

3 

aE 

24 


| pA | 
vib [os |v |voo-asy 
VoL 


VOH1 Output High Voltage 


IOH = -1.0mA, VCC = 4.5V 
VOH2 Output High Voltage (Note 2) VCC - 1.0 1OH = -100pA, VCC = 4.5V 
AC Electrical Specifications | 


LIMITS | 
HM-6642B-9 HM-6642-9 
PARAMETER | MIN | MAX | MIN | MAX | UNITS | TEST CONDITIONS 


(7 TELaV 120 || 200 | ns | Noes 


(2) TAVQV Address Access Time Notes 1, 4 
(TAVQV = TELQV + TAVEL) 


IOL = 3.2mA, VCC = 4.5V 


SYMBOL 


(3) TGVQV Output Enable Access Time 
(4) TGVQX Output Enable Time Notes 2, 4 
Notes 2, 4 


od 

= 50 [ns 

Cs 750 [as 

(©) TExGZ | Output sable Time ———~dtC 750 [ ne 

i 720] [ore | Notes 1.4 
MTELEL [Read OycleTine __—_—~—=*t~—=O ae 

(@)TEHEL | hip Enable Pulse Postive wath [40 | ee BE an 

(TAVEL_[Adsress SetpTime ‘| _20_| Cesare 

fAdsressHowdTime ‘| 28 | [ns 


Capacitance 1, = +25°C 


es ce 


Cl Input Capacitance (Note 2) 
co Output Capacitance (Note 2) a eo pF Ground 


NOTES: 1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent CL = 50pF (min) - for CL greater than 50pF, access time time is derated by 0.15ns per pF. 
2. Tested at initial design and after major design changes. 
3. Typical derating 5mA/MHz increase in ICCOP. 
4. VCC = 4.5V and 5.5V 


(6) TELEH Chip Enable Pulse Negative Width 


(10) TELAX 


SYMBOL 
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Switching Waveform 


READ CYCLE 
(2) 
TAVQV 
(9) (9) 
TAVEL TELAX -»1(10) TAVEL 
@°0"0"6'O'O% erereretem, SOCCECEEOCOCOCOCOCOOOOOO OOO 
SSS ON < avo vain» rerererereterateterarereratereeeeet 
C00 6-6-6066 020,000, 0,0, 0,0, 0,0, 0, 00,0, 0.0 0.6 > NEXT ADD 
FTA AOD VALID AWN EEE 
(8) 
TEHEL (8) 
E 
TELQV 
(1) 
aretateterarereee eee ES 
9255555255550 B0505256 
Ss faherateconetonaterenere a CORY OATANALD 
TGVQX 
TGXQZ 
*G 
TIME 
REFERENCE 
-1 0 1 2 3 456 
* G has the same timing as G except signal is inverted. 
Test Load Circuit 


DUT 
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* TEST HEAD 
CAPACITANCE, 
NCLUDES | 
ONO NG CAD CANCE EQUIVALENT CIRCUIT 
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Features Description 


e This Circuit is Processed in Accordance to Mil-Std- The HM-6642/883 is a 512 x 8 CMOS NiCr fusible link 
883 and is Fully Conformant Under the Provisions of Programmable Read Only Memory in the popular 24 pin, 
Paragraph 1.2.1. | byte wide pinout. Synchronous circuit design techniques 

combine with CMOS processing to give this device high 

speed performance with very low power dissipation. 


Low Power Standby and Operating Power 


= ICCSB eacee seeenr ee nwaeeeaseeesece eeeeee 100A 
ICCOP sivugiincsnceesaweeewsens 20mA at1MHz On-chip address latches are provided, allowing easy 
interfacing with recent generation microprocessors that use 
e Fast Access Time. .......... ccc cecuces 120/200ns multiplexed addresss/data bus structures, such as the 8085. 
° Wide Operating ...............00- 55°C to +125°C +=‘ The output enable controls, both active low and active high, 


further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
e Industry Standard Pinout enable control. The data output latches allow the use of the 

. HM-6642/883 in high speed pipelined architecture systems, 
* Single 5.0 Volt Supply and also in synchronous logic replacement functions. 


* CMOS/TTL Compatible Inputs Applications for the HM-6642/883 CMOS PROM include low 
e Field Programmable power handheld microprocessor based instrumentation and 
eSunch Oo i comunications systems, remote data acquisition and 

ynchronous Operation processing systems, processor control store, and synchro- 


On-Chip Address Latches nous logic replacement. 


Separate Output Enable All bits are manufactured storing a logical “O” and can be 
| selectively programmed for a logical “1” at any bit location. 


Temperature Range 


Pinouts 


HM1-6642/883 (CERAMIC DIP) HM4-6642/883 CERAMIC LCC) 
TOP VIEW TOP VIEW PIN DESCRIPTION 


Ce esscnrnn 
a 
ne 
Gi 
Ca 


Output Enable 
Program Enable 


* P should be hardwired to GND 
except during programming. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3013 
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ALL LINES POSITIVE LOGIC -ACTIVE HIGH 
THREE STATE BUFFERS: 
AHIGH —* OUTPUT ACTIVE 
DATA LATCHES: 
LHIGH —> Q=2D 
Q LATCHES ON RISING EDGE OF E 
ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 
P SHOULD BE HARDWIRED TO GND EXCEPT 
DURING PROGRAMMING 


Functional Diagram 
AS 
a LATCHED 
- ADDRESS 64 x 64 
AS REGISTER MATRIX 
A4 
A3 
A2 LATCHED 
<3 gee i) npn 
REGISTER 
AO : a 
r—> 3 
Gi 
\/ oh \/ \ / \/ 
= —I ve + ae 
2 
G3 Qo Qi a2. a3 a4 
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Specifications HM-6642/883 


Absolute Maximum Ratings Reliability information 

SUPPIY VONAGE oe ei siete eee tes eaels NaS a wed Pee ee aS Sewn +7.0V Thermal Resistance ................ Gia 8. 
Input, Output or /O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 52°C/W 20°C/W 
Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 58°C/W 19°C/W 
Junction Temperature... 0.0... ce ccc ec ec ee eee +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)................008. +300°C Ceramic DIP Package ........... ccc cece cece ee eees 0.96W 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP Ceramic LCC Package .......... cece eee cee ee neces 0.86W 
ESD Classification .......... 0... cece eee ce eee eee Class 1 “Gate Count s:igs0Get can heee nV esa ee ean agen 1680 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stréss only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range ....... Cuceeowe teehee Sokaxee ew +4.5V Input Low Voltage...... ODE ee re Se ee eee -0.3V to +0.8V 
Operating Temperature Range................ -55°C to +125°C ~=— Input High Voltage.......... 2... eee eee eee 2.4 to VCC+0.3V 


TABLE 1. HM-6642/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


(NOTES 1, 4) - GROUP A pe 
PARAMETERS | SYMBOL CONDITIONS |SUBGROUPS| TEMPERATURE | MIN | MAX | UNITS 
High Level Output VOH [VCC =4.5V, “55°C < Ta S +125°C V 
Voltage IO = -1.0mMA 
-55°C < Ty $ +125°C V 


55°C < Ty $ +125°C 


Low Level Output VOL VCC = 4.5V, 
Voltage 1O = +3.2mMA 
High Impedance VCC = 5.5V, G = 5.5V, 


Output Leakage VI/O = GND or VCC 
Current 


Input Leakage VCC = 5.5V, Vi= GND or -55°C < Ty S$ +125°C 
Current VCC, P Not Tested 


Standby Supply ICCSB_ | VI = VCC or GND, -55°C < Ty S$ +125°C 
Current VCC = 5.5V, 10 = OmA 


ICCOP {VCC =5.5V, G = GND, 55°C < Ty S$ +125°C 
G = VCC, (Note 3), 


Operating Supply 
Current 


f = 1MHz,lO = OmA, 
Vi = VCC or GND 


Functional Test VCC = 4.5V (Note 5) 7, 8A, 8B -55°C < Ty < +125°C 


TABLE 2. HM-6642/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested ' 


PARAMETERS SYMBOL 


Address Access Time TAVQV_ | VCC = 4.5V and 5.5V -55°C < Ty $ +125°C 


Output Enable Access TGVQV | VCC =4.5V and 5.5V 55°C < Ty $ +125°C ie 
Time 


Bead a Hi 66426/ HiM-6542/ 
(NOTES 1, 2, 4) SUB- 6 8 


TEMPERATURE 


CONDITIONS GROUPS 


ExOm 
male Neve cease iia eid 
[Adcress Setup Time | TAVEL [VOO=45Vand55V| 9,101 | S505 1451250 
[Address Hold Tine | TELAX [VOC=asVand55v| 010,11 | S50 Ta +i26°0 | 25 
[Chip Enable Low Wiath | TELEH |VOG=A5VandS6V| 0,10, 11 | 65°C Tas12500 | 120 
[Chip Enable High wiath | TEHEL |VOG=A6Vands5v| 9,10,11 [55°C Tas125°0 | 40_ 
[Teter [voo=asvandssv] 9,10,11 | 55 st,s+125°6 | 160_ 


1. All voltages referenced to VSS. 

2. A.C. measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1TTL 
equivalent load and CL = 50pF. 

3. Typical derating = SmA/MHz increase in ICCOP. 

4. All tests performed with P hardwired to GND. 

5. Tested-as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, IOH = -1mA, IOL = +1mA, VOH 2 1.5V, VOL < 1.5V. 
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TABLE 3. HM-6642/883 A.C. and D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


p MIMITS 
eae ee 
eae [883 
PARAMETERS | SYMBOL NOTES TEMPERATURE 


Input Capacitance CIN 


(NOTES 1, 2) 
CONDITIONS 


VCC = Open, f = 1MHz, 
All Measurements 


Reference Device 
Ground 


VCC = Open, f = 1MHz, 
All Measurements 
Reference Device 
Ground 


VCC = Open, f = 1MHz, 
All Measurements 
Reference Device 
Ground 


VCC = Open, f = 1MHz, | Tas 425°C | Tas 425°C 
All Measurements 
Reference Device 


Ta = +25°C 
es ee [ee 
Ei iil cd al 
Time 
[lel intl in Bal 
ime 


NOTES: 
1. All tests performed with P hardwired to GND 


2. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design changes which would affect these characteristics. 


3. Applies to 0.600 inch Ceramic Dual-In-Line (DIP) device types only. 
4. Applies to 0.300 inch Ceramic Dual-In-Line (DIP) device types only. 
5. Applies to Ceramic Leadless Chip Carrier (LCC) device types only. 


/O Capacitance 


TABLE 4. APPLICABLE SUBGROUPS 


a 
a 


6-249 


CMOS MEMORY 


HM-6642/883 


Switching Waveform 


READ CYCLE 
TAVOV 
TAVEL 4 TELAX—e4 | TAVEL 
areas ete tetetetetene {apo vauio > SOLES SEECMS. NEXT ADD 
A SRN AOO VALID DRE LRL yy 
— TEHEL 
E 
TELQV 
So E383 
DR ow RXKOY ORTANBEN 
as TGVOX TGXQz 
ae y < TGVoVv Uy 
: YIN Y)JV.MC/dCaz 
VWs JINN. Li 
TIME 
REFERENCE 
-1 0 1 2 3 456 
* G has the same timing as G except signal is inverted. 
Test Load Circuit 
DuT ¢ 
(t) to 
* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE EQUIVALENT CIRCUIT 


e 
POOH TCO OT EHEC OEOEAESETOSSESOSOOESHTOOELERESESHTASHOSSHO EH EAGHOORESOTESSUHEEOSEDOSOOCOSESEEEE 
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Burn-In Circuits 


HM-6642/883 (0.300 INCH) CERAMIC DIP HM-6642/883 (0.600 INCH) CERAMIC DIP 
vec 7 
C 
Feo 1 VCC p24) F10 EM 24) vcc 
F7 ro] As B3) © F9 Fo 2 | 23) F9 
Fé ¢ 3 | Gi p2| > F10 F8 3 | 22| F10 
FS ¢ 4 G2 pi © Fit 57 ni x ge 
F2 ¢ P fe ae GND F4 ae ano 
Fi ¢ 8) a7 [17 
a An 24K 2 o AD 
2a nf oe Fg 2 meee is} 
- oe Eat an 24K m ia} 
12 13 aa 
v / 


HM-6642/883 CERAMIC LCC 


° ° 
2 & ®@ > & f£ 
© 
oO 
P-4 
F5 F11 
F4 Fi2 
F3 Fo 
F2 


NC /10! 


> 
o 
\e) 
= 
uu 
= 
” 
O 
= 
O 


< 
ele) 
re] 
ah 
wn 
A 
a: 
ia 
[ eas 
Te 
| | 


7 : 
—< 

| | | | hE 
P| |} | 


NOTES: 
FO = 100kHz + 10% 


All Resistors = 47kQ, 
Unless Otherwise Noted 


VCC = 5.5V + 0.5V 
VIL = 4.5V + 10% 
C = 0.01pF Min. 


x 
a 
wv 
N 
< 


i 
Nh 
oa 
—_ 
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Metallization Topology 


DIE DIMENSIONS: 
136 x 168 x 19 + imils 


METALLIZATION: 
Type: Si- Al 
Thickness: 11kA + 15kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold-Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.7 x 10° Alem? 


Metallization Mask Layout 


HM-6642/883 


A4 AS5 A6 A7 vec 


oTo a TT 


= 
= 2 a? ater = 
pos Pha! isa, ie ak toi, te 
J} 
2 
i Sees aaa 
® Bee 
i 
| ’ lt 
; 
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DR Ea SEE RELAY ROR Ue a ee NT GEE wT 
AS RS CoE Tae emer eo 
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Packaging 
24 PIN (0.300) CERAMIC DIP 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: 


1,280 

.005 MIN 

[i Se a 
.200 MAX Lt HH H 

HOoOong en ow Yee 
a 
.150 MIN 
.098 MAX 


MIL-STD-1835, GDIP3-T24 


.015 
.060 


O° 
125 ale. 1s 
.180 « -100 
.016 BSC 
023 
.050 
"065 ¢ INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 


24 PIN (.600) CERAMIC DIP 


LEAD FINISH: Type A 
r— 3 — MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: 
MIL-STD-1835, GDIP 1-T24 


.005 MIN 4 


.225 MAX Pe 
.015 
.060 
A125 


065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


28 PAD CERAMIC LCC 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: 

MIL-STD-1835, CQCC1-N28 


NOTE: All Dimensions are aed Dimensions are in inches. 
ax 
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@ HARRIS HM-6617 


January 1992 | 2K x 8 CMOS PROM 


Features Description 
¢ Low Power Standby and Operating The HM-6617 is a 16,384 bit fuse link CMOS PROM in a 2K word by 8 bit/word 
Power format with “Three-State” outputs. This PROM is available in the standard 0.600 


- ICCSB ........ceceeeeee ee 1002A inch wide 24 pin Ceramic DIP, the 0.300 inch wide slimline Ceramic DIP, and the 

- ICCOP ...........2..20mA at 1MHz 2EDEC standard 32 pad Ceramic LCC. | | | 
The HM-6617 utilizes a synchronous design technique. This includes on-chip 
e Fast Access Time........... 90/120NS address latches and a separate output enable contro! which makes this device 


ideal for applications utilizing recent generation microprocessors. This design 
* industry Standard Pinout technique, combined with the Harris advanced self-aligned silicon gate CMOS 
¢ Single 5.0 Volt Supply process technology offers ultra-low standby current. Low ICCSB is ideal for 


CMO Le ibis input battery applications or other systems with low power requirements. 
e S/T T 

ompere inputs The Harris NiCr fuse link technology Is utilized on this and other Harris CMOS 
¢ High Output Drive ....12LSTTL Loads PROMs. This gives the user a PROM with permanent, stable storage character- 
istics over the full industrial and military temperature voltage ranges. NiCr fuse 
Synchronous Operation technology combined with the low power characteristics of CMOS provides an 
¢ On-Chip Address Latches excellent alternative to standard bipolar PROMs or NMOS EPROMs. 
All bits are manufactured storing a logical “O” and can be selectively 
programmed for a logical “1” at any bit location. 


Separate Output Enable 


Ordering Information 


[PACKAGE | TEMPERATURERANGE | __o0ne | _120ne__ 
Ceramic DI FiT-6617-9 

1883" “55IC to +125°C 
sMOe 


8s 55°C 19 +125°0 


* Respective /883 specifications are included at the end of this data sheet. 


Pinouts 
24 LEAD DIP | 32 LEAD LCC 
TOP VIEW | TOP VIEW 
) PIN | DESCRIPTION 
vec 
As AS AQ-A10 | Address Inputs 
P AA 
a | EF | Chip Enable 
A3 
iv a [ea 
a7 Al | Power (+5V) 
6} O6 AO 
| eG Output Enable 
Q5 NC | OutputEnable 
? a a = Loe | Output Enable 
: * P Should be Hardwired to VCC Except 
During Programming. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3017 
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Functional Diagram 


MSB 


A 
LATCHED GATED 
ADDRESS ROW 128 x 128 
REGISTER DECODER MATRIX 
LSB 


> 
<<. 
>— 
> aaa D a2 
Pas 
<= 


es 
QOQQQOQO0 Dg 


GATED COLUMN 8 
° = > DECODER AND DATA 
a OUTPUT CONTROL 


Go |) nears 


Te % 
LATCHED ADDRESS 
ALL LINES POSITIVE LOGIC: ACTIVE HIGH REGISTER e- D Q7 


THREE-STATE BUFFERS: 


AHIGH —-» OUTPUT ACTIVE MSB J | J LSB 
tJ 
ADDRESS LATCHES AND GATED DECODERS: A3 A2 Al AO 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF G 


> 
c 
re) 
= 
Ll 
= 
” 
re) 
= 
© 
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Background Information Programming 
Algorithm 


The HM-6617 CMOS PROM is manufactured with all bits 
containing a logical zero (output low). Any bit can be pro- 
grammed selectively to a logical one (output high) state by 
following the procedure shown below. To accomplish this, a 
programmer can be built that meets the specifications 
shown, or any of the approved commercial programmers 
can be used. 


PROGRAMMING SEQUENCE OF EVENTS 
1. Apply a voltage of VCC1 to VCC of the PROM. 


2. Read all fuse locations to verify that the PROM is blank 
(output low). 


3. Place the PROM in the initial state for programming: E = 
VIH, P = VIH, G = VIL. 


4. Apply the correct binary address for the word to be programmed. 
No inputs should be left open circuit. 


5. After a delay of td, apply voltage of VIL to E (pin 18) to access the 
addressed word. 


6. The address may be held through the cycle, but must be held vai- 
id at least for a time equal to td after the falling edge of E. None 
of the inputs should be allowed to float to an invalid logic level. 


7. After a delay of td, disable the outputs by applying a voltage of 
VIH to G (pin 20). 


8. After a delay of td, apply voltage of VIL to P (pin 21). 


9. After delay of td, raise VCC (pin 24) to VCCPROG with arise time 
of tr. All outputs at VIH should track VCC with VCC-2.0V to 
VCC+0.3V. This could be accomplished by pulling outputs at 
VIH to VCC through pull-up resistors of value Rn. 


10. After a delay of td, pull the output which corresponds to the bit to 
be programmed to VIL. Only one bit should be programmed at a 
time. 


11. After a delay of tpw, allow the output to be pulled to VIH through 
pull-up resistor Rn. 


12. After a delay of td, reduce VCC (pin 24) to VC-C1 with a fall time 
of tf. All outputs at VIH should track VCC with VCC-2.0V to 
VCC+0.3V. This could be accomplished by pulling outputs at 
VIH to VCC through pull-up resistors of value Rn. 


13. Apply a voltage of VIH to P (pin 21). 


14. After a delay of td, apply a voltage of VIL to G (pin 20). 


15. After a delay of td, examine the outputs for correct data. If any 
location verifies incorrectly, repeat steps 4 through 14 (attempt- 
ing to program only those bits in the word which verified incor- 
rectly) up to a maximum of eight attempts for a given word. if a 
word does not program within eight attempts, it should be con- 
sidered a programming reject. 


16. Repeat steps 3 through 15 for all other bits to be programmed in 
the PROM. — 


POST-PROGRAMMING VERIFICATION 


17. Place the PROM in the post-programming verification 
mode: E = VIH, G = VIL, P = VIH, VCC (pin 24) = VCC1. 


18. Apply the correct binary address of the word to be veri- 
fied to the PROM. 


19. After a delay of td, apply a voltage of VIL to E (pin 18). 


20. After a delay of td, examine the outputs for correct data. 
If any location fails to verify correctly, the PROM should 
be considered a programming reject. 


21. Repeat steps 17 through 20 for all possible programming 
locations 


POST-PROGRAMMING READ 

22. Apply a voltage of VCC2 = 4.0V to VCC (pin 24). 

23. After a delay of td, apply a voltage of VIH to E (pin 18). 
24. Apply the correct binary address of the word to be read. 


25. After a delay of TAVEL, apply a voltage of VIL to E (pin 
18). 


26. After a delay of TELQV, examine the outputs for correct 
data. If any location fails to verify correctly, the PROM 
should be considered a programming reject. 


27. Repeat steps 23 through 26 for all address locations. 
28. Apply a voltage of VCC2 = 6.0V to VCC (pin 24). 
29. Repeat steps 23 through 26 for all address locations. 
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Programming Cycle 
HM-6617 PROGRAMMING CYCLE 
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- HM-6617 POST PROGRAMMING VERIFY CYCLE 
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TAVEL TEHEL TEHEL 


E > 
oc 
ve) 
= 
Ww 
= 
” 
Oo 
= 
) 

Vec 

Qa 


6-257 


Specifications HM-6617 


Background Information HM-6617 Programming 
Programming Specifications 


{vin Voltage “1” (Note 6) Vcc } voc+0.3 | 
[Reeero [rewemmavesnees [eo 
a 
a 
a 
a 
OC 
a 
ee 
i 
i 
a 
eo 
ae a 
a! 


| Output Pull-Up Resistor (Note 5) 
Ambient Temperature . 
NOTES: | . 


1. All inputs must track VCC (pin 24) within these limits. 

2. VCCPROG must be capable of supplying 500mA. 

3. See Steps 22 through 29 of the Programming Algorithm. 
4. See Step 11 of the Programming Algorithm. 
5 
6 


A 


. All outputs should be pulled up to VCC through a resistor of value Rn. 
. Except during programming (See Programming Cycle Waveforms). 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (All Voltages Reference to Device GND)..... +7.0V Thermal Resistance ................ Bia 8 

Input or Output VoltageApplied for All Grades ....... GND-0.3V to Ceramic DIP Package............. 48°C/W 9°C/W 
VCC+0.3V Ceramic LCC Package ............ 58°C/W 19°C/W 

Storage Temperature Range ................. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 

Junction Temperature. ....... 0... cece eee cece +175°C Ceramic DIP Package ............ cc cece eee eee ence 1.0W 

Lead Temperature (Soldering 10s)................005- +300°C Ceramic LCC Package ........... cc cece eee eee eees 0.86 W 

Typical Derating Factor............ 5mA/MHz Increase inICCOP Gate Count........... cc ccc cece eee eee eens 5473 Gates 

ESD Classification .......... 0... eee eee ee eee Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range....................4. +4.5V to+5.5V Operating Temperature Range: HM-6617-9, B-9 .. . -40°C to +85°C 


DC Electrical Specifications VCC = 5V +10%; (HM-6617B-9, HM-6617-9) 


SYMBOL PARAMETER | MAX | UNITS TEST CONDITIONS 
Lo 


V Logical One Input Voltage 2.4 VCC+0.3 
V Logical Zero Input Voltage -0.3 


VOH1 gical One Output Voltage . 
VOH2 | Logical One Output Voltage (Note 2) VCC-1.0 aaa 


[vIN= VOC or GNO, VOO=5.5V,10=0 


Input Leakage -1.0 
| Output Leakage -1.0 
ICCSB_ | Standby Power Supply Current 


ICCOP | Operating Power Supply Current (Note 3) 


IH 
IL 
VOL Logical Zero Output Voltage 
OZ +1.0 


V 
LA 
pA 
pA 
mA 


ine) 
Lh 
© 
aN 


AC Electrical Specifications 


re A 
0 (Notes 14) 
20 (Notes 4) 
Te Tet, 


(Notes 2, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 2, 4) 
(Notes 2, 4) 
(Notes 2, 4) 


@) TELOX 

@) TAVEL 

6) TELAK z 
(TELE 
(7) TEHEL 
@ TELE 
@) TeLaV 
(0) TOLOR 
(A) TERGZ 
(2) TEHOZ 


Capacitance T, = +25°C 


SYMBOL PARAMETER 
CIN Input Capacitance (Note 2) 
COUT Output Capacitance (Note2) 


NOTES: 
1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 
2. Tested at initial design and after major design changes. 
3. Typical derating 5mA/MHz increase in ICCOP. 
4. VCC = 4.5V and 5.5V. 
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HM-6617 


Switching Waveforms 


READ CYCLE 
a TAVay ——________»} 
(1) 
XKAAK 9, XKKKKK KKK) 3.0V 
x) 00.00.0000 0000001 VALID 
ADDRESSES OX XKAPA_ADDRESS XRAY YS WA RRA R KA ADDRESSES 
| taver +#——+————— TELE SS ae 
| bo {4) 4 TELAX = (5) (8) | 
TELEH ————__—__—__ +] | 3.0V 
- 1.5V 1.5V (6) | 1.5V 1.5V 
EH | ov 
~— vac aa aaa —_———_———+ —| ae te 
l 
ra ~~ TGLOV . 3.0V 
| 1.5V (9) | 15V0 | 
| | | ov 
augers. eM esl ae pe 
DATA be——— TELQX ——~{_ pee, | 
ie uy 's 
Test Circuit 


[eee ee reeercenesese se ase ssEODe Dea DeSOASEHODESSESLOSUEESESSONSSUSTOESA OUTS OOAESOOESHDODSOONS 


DUT © 


* TEST HEAD 
CAPACITANCE 


EQUIVALENT CIRCUIT 


s 
WP COTTA CORETEHOO EES OROESEPEOSTESECEETSEEETOT TSE ESOS ESHEEOCETOOCHEESOCORE DHS SREDEREEH ROH OSES 
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SEMICONDUCTOR 


HM-661 7/883 


January 1992 2K x 8 CMOS PROM 
Features Pinouts 
¢ This Circuit is Processed in Accordance to Mil-Std-883 and Is Fully Confor- HM1-6617/883 (CERAMIC DIP) 
mant Under the Provisions of Paragraph 1.2.1. TOP VIEW 
e Low Power Standby and Operating Power 
(OCS BE sivas a a ceeie wots: 8a iba eal care aioe ae ei era tee ere arate ewe ee 8 100mA 
IO COP rs rine nis eineiere Wels eeas Wareres eee ere ere 20mA at 1MHz 
® Fast ACCESS TMG sd ivi sie vines oiled dase s ach oe Gado wie Sere ee aatenee% 3 90/120ns 


e Industry Standard Pinout 

e¢ Single 5.0 Volt Supply 

¢ CMOS/TTL Compatible Inputs 

© High Output Drive: eiccc cee cesses sewee nieces 12 LSTTL Loads 
¢ Synchronous Operation 

¢ On-Chip Address Latches 

¢ Separate Output Enable 

¢ Operating Temperature Range...........-..eceeeeeees -55°C to +125°C 
Description 


The HM-6617/883 is a 16,384 bit fuse link CMOS PROM in a 2K word by 8 bit/word 
format with “Three-State” outputs. This PROM is available in the standard 0.600 
inch wide 24 pin Ceramic DIP, the 0.300 inch wide slimline Ceramic DIP, and the 
JEDEC standard 32 pad Ceramic LCC. TOP VIEW 


The HM-6617/883 utilizes a synchronous design technique. This includes on-chip 
address latches and a separate output enable control which makes this device ideal 
for applications utilizing recent generation microprocessors. This design technique, 
combined with the Harris advanced self-aligned silicon gate CMOS process tech- 
nology offers ultra-low standby current. Low ICCSB is ideal for battery applications. 
or other systems with low power requirements. 


> 
The Harris NiCr fuse link technology is utilized on this and other Harris CMOS rs 
PROMs. This gives the user a PROM with permanent, stable storage characteris- = 
tics over the full industrial and military temperature voltage ranges. NiCr fuse tech- Lu 
nology combined with the low power characteristics of CMOS provides an excellent 
alternative to standard bipolar PROMs or NMOS EPROMs. oO 
All bits are manufactured storing a logical “O” and can be selectively programmed a 
for a logical “1” at any bit location. 
Functional Diagram 

A10 


128 x 128 
MATRIX 


CAROLE 


GATED COLUM 


mi 


G . 
ALL LINES POSITIVE LOGIC : ACTIVE HIGH 
THREE-STATE BUFFERS: 
A HIGH OUTPUT ACTIVE 
ADDRESS LATCHES AND GATED DECODERS: 


* P should be hardwired to VCC except 


LATCH ON FALLING EDGE OF during programming 
GATE ON FALLING EDGE OF 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 39016 
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Specifications HM-6617/883 


Absolute Maximum Ratings — Reliability Information 
SUDDIY VONAGE. cs Vecawuan saw fete nense seek aereues +7.0V Thermal Resistance ................ Bia Gi 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 48°C 9°CW 
Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 58°C/W 19°C/W 
Junction Temperature........ Linen tetdaneetee es +175°C | Maximum Package Power Dissipation at +125°C 
Lead Temperature (Soldering 10s).................... +300°C Ceramic DIP Package « os 35 ig-08. swash eda sea kei a sales 1.0W 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP Ceramic LCC Package ........... ce cece eee eee eeee 0.86 W 
ESD Classification ........... ee Pee eee re Class... “ Gale Counts crag eco cob tesa eee aeueseeeee 5473 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range............... ceeeee +4.5Vt0+5.5V = Input Low Voltage ......... 0... cece ee eee eee -0.3V to +0.8V 
Operating Temperature Range................ -55°C to +125°C = input High Voltage..................008- +2.4V to VCC +0.3V 


TABLE 1. HM-6617/883 DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


(NOTES 1, 4) GROUP A sais 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX | UNITS 


High Level Output Voltage | VOH1 | VCC =4.5V, 10 = -2.0mA | 14,23 | 55°C STAS+125°C | 24 | - | Vv | 
Low Level Output Voltage VCC =4.5V,10=+4.8mA] 1,2,8 | -S5°C<TAs+t25°C] - | 04 | Vv | 


V 

High impedance Output VCC = 5.5V, G = 5.5V, -55°C < TA < +125°C LA 
Leakage Current ViI/O = GND or VCC 

Input Leakage Current VCC = 5.5V, VI = GND or -55°C < TA < +125°C 

VCC, P Not Tested | 

Standby Supply Current CCSB_ | VI=VCC or GND, -55°C < TAs +125°C 

VCC = 5.5V, 10 = OmA 


Operating Supply Current 


ICCOP | VCC =5.5V,G=GND, 1,2,3 -55°C < TAS +125°C 
| (Note 3), f = 1MHz, IO = | 
OmA, VI = VCC or GND ; 
Functional Test VCC = 4.5V (Note 6) _ 7,8A,8B | -55°C< TAS +125°C 


TABLE 2. HM-6617/883 AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


LIMITS LIMITS 
. HM-6617B/883 | HM-6617/883 
PARAMETERS SYMBOL TEMPERATURE 


Address Access Time TAVQV | VCC = 4.5V and 5.5V “55°C < TA < +125°C 

(Note 5) 
Output Enable Access TGLQV | VCC = 4.5V and 5.5V Lae -55°C < TAs +125°C ae 
Time 


: 
[Adiess Soup Time | TAVEL [VOC~AsVands5v | a,10.11 |-astoctassi2s0| 16 
TEX [VOO=a5Vends5v | 9.10.11 | ase tasvias"o | 20 | 
TELEH |VoO=4sVerd5sv | 9.10, [seostacviasto | 05 | 
Chip Erabie High Wish | TEHEL [VoG=asVendssv | 9.10.11 [osc Tasviasto [ 0 
TELEL [VoO=asVendssv | 910,11 | sscstaseias"o) 195 | 


1. All voltages referenced to Device GND. | 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1TTL equivalent 
load and CL = 50pF. 


GROUP A 
SUBGROUPS 


(NOTES 1, 2, 4) 
CONDITIONS 


UNITS 


3. Typical derating = SmA/MHz increase in ICCOP. 

4. All tests performed with P hardwired to VCC. 

5. TAVQV = TELQV + TAVEL 

6. Tested as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, IOH = -1mA, IOL = +1mA, VOH 2 1.5V, VOL < 1.5V. 
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TABLE 3. HM-6617/883 AC AND DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS LIMITS 
HM-6617B/883 | HM-6617/883 | 
PARAMETERS SYMBOL TEMPERATURE UNITS 
pF 


—_ 
+2 


vO i 


(NOTES 1, 2) CONDITIONS 


VCC = Open, f = 1MHz, All 
Measurements Referenced to 


Device GND 


VCC = Open, f = 1MHz, All 
Measurements Referenced to. 
Device GND 


nol me] 


Cc 
Cc 


IN 
vO 


Measurements Referenced to 


VCC = Open, f = 1MHz, Alll 425°C 
Measurements Referenced to 
Device GND 

Chip Enable Time TELQX | VCC =4.5V and 5.5V — 


-55°C < TA < +125°C 
-55°C < TA < +125°C 
-55°C < TA < +125°C 
-55°C < TA < +125°C 


55°C < TA< +125°C J V 


Device GND 


Output Enable Time TGLQX | VCC =4.5V and 5.5V 
Chip Disable Time TEHQZ | VCC = 4.5V and 5.5V 
Output Disable Time TGHQZ | VCC = 4.5V and 5.5V 


Output High Voltage | VOH2 | VCC =4.5V, 10 = 100pA 


NOTES: 
1. All tests performed with P hardwired to VCC. 


2. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design changes which would affect these characteristics. 


3. Applies to .600 inch Ceramic Dual-in-Line (DIP) device types only. 
4. Applies to .300 inch Ceramic Dual-in-Line (DIP) device types only. 
5. Applies to Ceramic Leadless Chip Carrier (LCC) device types only. 


—_ 
+S 
<0 
oak, 


<§ 


TABLE 4. APPLICABLE SUBGROUPS 


Cr 


CMOS MEMORY 
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Switching Waveforms 


READ CYCLE 


—_—___—________»| 
i 
XY 


XXX) 
XXX 


ADDRESSES *% | XX VALID 
XXX XXXXXXXXXXXXXKXXXKKXKKXKKK KKK YY Pr 
| taver /+—_}+——— TELL aaa aaa 
! | 3.0V 
| : 1.5V 


| 
i, 1.5V 1.5V | 
he— TEHEL —epoe——______- TELQY ——— ~ 
| | l 
ct I~— TGLOV ay 
| 1.5V ae 15V0 | | 
| ! | ov 
| | —=| TGHOZ — 
DATA /-——— TELOX ——wj pe | 
Qo - 07 WY DATA 
Test Circuit 


DUT ¢ 


* TEST HEAD 


CAPACITANCE 
EQUIVALENT CIRCUIT 


e 
WBECSHSTTSHSSSOHSSHSSSHSSSHSSSSS OHSS HOSSKOSHSS SESH SHSSSHOSSSSSSLHSSSSSEHAHSSE OUTST ESESOORSOCE 
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Burn-In Circuits 


HM-6617/883 (.300 INCH) CERAMIC DIP HM-6617/883 (.600 INCH) CERAMIC DIP 
vec VCC 
bl 7 
0 f9 {11 
5 £10 6 
© VCC vcc 
© 112 i 
© f0 


_#iK] Oo vCC/2 


HM-6617/883 CERAMIC LCC 


10 vcc 


(8 
_ > 
: 
5 = 
{4 = 
{3 ” 
O 
= 
vcec/2 >) 


gr Pea res Pea PK PKs Pew 


H44t 451 GL M7! M18! 119! £20 


NOTES: 

fO = 100KHz + 10% 

All resistors = 47kQ Unless Otherwise Noted 
VCC = 5.5V + 0.05V 

C = 0.01 pF min. 
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Metallization Topology 


DIE DIMENSIONS: 
140 x 232 x 19 t 1mils 


METALLIZATION: 
Type: Si- Al 
Thickness: 11kA + 15kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 7kA + 9kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.7 x 10° A/cm? 


Metallization Mask Layout 
HM-6617/883 


Vee | AB _Ag P 


USUUUUESULUSTUDISECUOSTELUSUCESSSCUUSSOVOSSCOUSSSSSSSSSSSSS SSS. 


peaebe yar reeive fan) Peeve peeve eee 


HM-661 7/883 


Packaging 
24 PIN (0.300) CERAMIC DIP 


1.240 
| 1.280 | 
005 MIN = = f: 


~~ 
.200 MAX i: 
a 
2015 .150 MIN 2300 
060 | "320 : 
125 | .098 MAX 008 * cod 
180 . 100 015 
.016 
:023 ee 
.050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
24 PIN (.600) CERAMIC DIP 
1.240 
1.270 515 
.008 MIN 535 | 
.225 MAX 
L —- 
2015 150 MIN 395. 
.060 615 a 
125 | 098 MAX 008 ° 1S 
180 .100 015 
.016 * Bsc 
023 
050° 
085 * INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


32 PAD CERAMIC LCC 


540 
-560 


NOTE: All Dimensions are ad Dimensions are in inches. 
ax 
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LEAD FINISH: Type A 
MATERIALS: Compliant to.MIL-M-38510 
COMPLIANT OUTLINE: 

MIL-STD-1835, GDIP3-T24 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: 

MIL-STD-1835, GDIP1-T24 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: 

MIL-STD-1835, CQCC1-N32 


CMOS MEMORY 


gBrarRRS j=  IM6654 


January 1992 | 4096 Bit CMOS UV EPROM 
Features | | Description 
e Organization. .........0 cee eeecenes poe 512x8 The Harris IM6654 is a fully decoded 4096 bit CMOS 


electrically programmable ROM (EPROM) fabricated with 


SRW POW SE sare viemianeg tera 770uW Max Standby Harris’ advanced CMOS processing technology. In all static 
e High Speed States this device exhibits the microwatt power dissipation 
- Access Time for IM6654-Al............ 300ns 10V__— typical of CMOS. Inputs and three-state outputs are TTL 


compatible and allow for direct interface with common 


- Access Time for IM6654-1] ............. 450ns 5V ; é 
system bus structures. On-chip address registers and chip 
¢ Single Supply Operation.............cccecueees 5V _ select functions simplify system interfacing requirements. 
e UV Erasable The IM6654 is_ specifically designed for program 


development applications where rapid turn-around for 

program changes is required. The device may be erased by 

¢ Three-State Outputs and Chip Select for Easy System exposing its transparent lid to ultra-violet light, and then 
Expansion reprogrammed. 


e Synchronous Operation for Low Power Dissipation 


Ordering Information 


[_Packace | Tewrenatunerance [|__| 
Ceramic DIP -40°C to +85°C 
ae Sew 


Pinout Block Diagram 
24 LEAD DIP PROGRAM 
TOP VIEW AO-A8, E2 VDD To 


ADDRESS 
LATCH 


9 VCC 


X-DECODER 
OUTPUT BUFFER 


| Y-DECODER 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. ee File Number 3015 
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IM6654 


Program Mode Operation 


Initially, all 4096 bits of the EPROM are in the logic one (out- 
put high) state. Selective programming of proper bit ioca- 
tions to “Os is performed electrically. 


in the PROGRAM mode for all EPROMs, VCC and VDD are 
tied together to a +5V operating supply. High logic levels at 
all of the appropriate chip inputs and outputs must be set at 
VDD -2V minimum. Low logic levels must be set at VSS 
+0.8V maximum. Addressing of the desired location in PRO- 
GRAM mode is done as in the READ mode. Address and 
data lines are set at the desired logic levels, and PROGRAM 


and chip select (S) pins are set high. The address is latched © 


by the downward edge on the strobe line (E1)). During valid 
DATA IN time, the PROGRAM pin is pulsed from VDD to - 
40V. This pulse initiates the programming of the device to 
the levels set on the data outputs. Duty cycle limitations are 
specified from chip heat dissipation considerations. PULSE 
RISE AND FALL TIMES MUST NOT BE FASTER THAN 
Sus. 


Intelligent programmer equipment with successive READ/ 
PROGRAM/VERIFY sequences is recommended. 


Programming System Characteristics 


1. During programming the power supply should be capable 
of limiting peak instantaneous current to 100mA. 


2. The programming pin is driven from VDD to -40 volts 
(42V) by pulses of 20 milliseconds duration. These puis- 
es should be applied in the sequence shown in the flow 
chart. Pulse rise and fall times of 10 microseconds are 
recommended. Note that any individual location may be 
programmed at any time. 


3. Addresses and data should be presented to the device 
within the recommended setup/hold time and high/low 
logic level margins. Both “A” (10V) and non “A” EPROMs 
are programmed at VCC, VDD of 5V +5%. 


4. Programming is to be done at room temperature. 
Erasing Procedure 


The IM6654 is erased by exposure to high intensity short- 
wave ultraviolet light at a wavelength of 2537A. The recom- 
mended integrated dose (i.e., UV intensity x exposure time) 
is 10W sec/cm*. The lamps should be used without short- 
wave filters, and the IM6654 to be erased should be placed 
about one inch away from the lamp tubes. For best results it 
is recommended that the device remain inactive for 5 min- 


utes after erasure, before reprogramming. 


The erasing effect of UV light is cumulative. Care should be 
taken to protect EPROMs from exposure to direct sunlight or 
fluorescent lamps radiating UV light in the 2000A to 4000A 
range. 
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IM6654 


Programming Flow Chart 


POWER DOWN 
ALL INPUTS, 


Vee: 
Vin = Vee = GNO 


POWER UP Voc 
TO APPROPRIATE 
VOLTAGE 


POWER UP 
INPUTS 


REAO THROUGH 
ALL ADDRESSES 
TO VERIFY ALL 
1'S (ERASED) AT SV 


LOCATION 
TO BE 
PROGRAMMED 


SET LEVELS ON 
Q DATA LINES 
PROGRAM 20 ms 
REAPPLY 
AOORESS 


NO 


PROGRAMMED? 


PROGRAMMING PROGRAM SAME PROGRAM 20 me 
NO COMPLETE LOCATION 4 
MORE TIMES 


LAST 
ADDRESS? 


PROGRAM 
READIVERIFY SAME LOCATION 
8 MORE TIMES 


NO 
S 


NO 
S 
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DC Characteristics for Programming Operation VCC = VDD = 5V 5% VSS = OV, T, = +25°C 


[swear [_ranmneren | vesreommow [wm [ ve [ mx | wwe 
[wes [Revenniowcinen ft | _® | | = 
Tee [rece | 
[co [wocmn fC ff 


TEST CONDITIONS 
trise = tfall = 5us 


a 
ee 
= [eer nner Tere 
ne 
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IM6654 


Read and Program Cycle Timing 


———y «a———-— TE, HEL 


| | TeLPH =! 
ee Ne 
| 


Read Mode Operation Read Cycle Timing 


READ ee eee PROGRAM ee |e READ ——_______—_» 


In a typical READ operation address lines and chip enable Le 121 oe 
E2 are latched by the falling edge of chip enable E1 (T=0). TE\HEL 1. TELOV 
Valid data appears at the outputs one access time (TELQV) a. OM 


later, provided level-sensitive chip select line $ is low (T=3). 
Data remains valid until either E1 or S returns to a high level 
(T=4). Outputs are then forced to a high-Z state. 


Address lines and E2 must be valid one setup time before 
(TAVEL), and one hold time after (TELAX), the falling edge 
of E1 starting the read cycle. Before becoming valid, Q out- 
put lines become active (T=2). The Q output lines return to a 


high-Z state one output disable time (TE1HQ2Z) after any s Vit 
rising edge on E1 or S. Tstayv |j+ TE,HOZ 
. . ; Vint FERRE, 
The program line remains high throughout the READ cycle. 9 ouTPuTs Vi Se { vaio } 
Chip enable line E1 must remain high one minimum positive PROGRAM 7 
pulse width (TEHEL) before the next cycle can begin. TREE = a ; an SY Wane 
FUNCTION TABLE 


NOTES 


Device Inactive 


Cycle Begins; Addresses, E2 Latched 
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Absolute Maximum Ratings (iM6654 |, -11, M) 


Supply Voltages 
VOD = VSS is swtics kn Oey Garin so ata eee are 
NGG =VS0 655 c 4s oid oa eee adeee cee eee +8.0V 
Input or Output Voltage. ..............6. VSS-0.3V to VDD+0.3V 
Storage Temperature Range ..............65- -65°C to +150°C 
Lead Temperature (Soldering 10s).............2000005 +300°C 


Operating Temperature Range (T,) 
INGUSIAL esisrt:ncaat ew est iwc howe ate eats -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Characteristics VCC = VDD = 5V +10% VSS = OV, T, = Operating Temperature Range 


PARAMETER 


Logical “1” Input Voltage 


SYMBOL 


VIH 


VIL Logical “O” Input Voltage 


VOL Logical “0” Output Voitage 
; 
: 


NOTE: 1. For design reference only, not 100% tested. 


TEST CONDITIONS 


VDD - 2.0 


a) 
N 


Address Pins 


GND < VIN s VDD 
IOH = -0.2mA 
IOL = 2.0mA 
GND < VO < VCC 
VIN = VDD 


VIN = VDD 


N 
oO 


TS 


=fs}3]=l=l>]-{-[5]-|-[< 


AC Electrical Characteristics VCC = VOD = 5V +10% VSS = OV, CL = 50pF, T, = Operating Temperature Range 


SYMBOL PARAMETER 


TE1LQV | Access Time From E1 
TSLQV Output Enabie Time 
TE1HQZ | Output Disable Time 


TE1HEIL | E1 Pulse Width (Positive) 


TE1LE1H | E1 Pulse Width (Negative) 
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Absolute Maximum Ratings (IM6654<Al, AM) 


Supply Voltages . . Operating Temperature Range (Ta) 
VOD VSS cds oie hen eee daw ele edad wees +11.0V LINGUS ial 0 6:4 Oss 5 Weta etewewa ee naw eee eee -40°C to +85°C 
VOC # VSS i oigiet te evesduames bho eeecesaasees +11.0V Military........... ie cdreash gh lee Pes drre tse dees ta -55°C to +125°C 

input or Output Voltage................. VSS-0.3V to VDD+0.3V 

Storage Temperature Range ...............5. -65°C to +150°C 

Lead Temperature (Soldering 10s).............. 20 00ee +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Characteristics VCC = VDD = 4.5V to 10.5V VSS = OV, T, = Operating Temperature Range 


SYMBOL PARAMETER 


VIH 
VIL 
OH 
OL 
ICC 
Ci 
co 


Logical “1” Input Voltage 


Logical “0” Input Voltage 


IOLK 
ISTBY Standby Supply Current 


Input Capacitance 


po | Output Capacitance 


NOTE: 1. For design reference only, not 100% tested. 


| iD | Operating Supply Current (1) 


AC Electrical Characteristics VCC = VDD = 5V+10% VSS = OV, CL = 50pF, Ta = Operating Temperature Range 


| IM6654 Al IM6654 AM 


TSLQV Output Enable Time 
TE1HQZ | Output Disable Time 


TE1LE1H | E1 Pulse Width (Negative) | | 300 


UNITS 


TE2VE1L | Chip Enable Setup Time 


TE1LE2X | Chip Enable Hold Time 


oe eae ee ee 
ee Ee ee 


6-274 


IM6654 


Using IM6654 CMOS EPROM to Extend Program Memory 


23 


IMG6S4 


$12x8 
CMOS EPROM 


INPUT 


ALE PSEN proc WR RO 
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Introduction 


The 82C52 CMOS Programmable UART can be utilized for 


serial communications at data rates from DC to 1M baud 
using clock speeds in the range of 0-16MHz. In addition, the 
device provides an internal baud rate generator. 


In the following discussion, we will look at the functional 
capabilities of the 82C52, and give information on how the 
device can be programmed. The following topics will be 
discussed: 


(1) Glossary of communications terms 
(2) Control registers 

(3) Status registers 

(4) Transmit/Receive Buffer Registers 
(5) I/O Addressing methods 

(6) Reset of the 82C52 

(7) Programming the 82C52 


1.0 Glossary of Data Communication 
Terms 


1.1 Clear to Send (CTS): 


Clear-to-send is an input signal to the 82C52. It is provided 
by the device with which the 82C52 is communicating, such 
as a modem. When this signal is in its active state (active 
low), the 82C52 is being told that the modem will accept data 
sent to it from the 82C52 Serial Data Out (SDO) pin. 


The CTS signal is specified in the RS-232C protocol and is 
used in conjunction with the Request to Send (RTS) signal. 
This signal is used mainly in half-duplex systems. In a half- 
duplex system communications can be performed in both 
directions, but in only one direction at a time. 


To illustrate this: Suppose we are using the 82C52 to com- 
municate over an RS-232C link to a modem. In half-duplex 
operation the UART tells the modem that it wishes to trans- 
mit a character by putting RTS into its active state (active low 
for the 82C52). The modem, if_ready for the data, will 
respond by driving the 82C52’s CTS line to its active state 
(low). When the 82C52 recognizes this, it will then begin 
data transmission. 


1.2 Data Set Ready (DSR): 


This is also an input signal to the 82C52. When in its active 
state, it signifies that the device with which it is to communi- 
cate is powered on and ready for communications. When 
using a modem, an active state for this signal indicates that 
the modem is also connected to a communications line (is 
on line). 


82052 PROGRAMMABLE UART 


1.3 Data Terminal Ready (DTR): — 


This is an output signal generated by the 82C52. Its purpose 
is to inform the target (i.e. modem) that it is ready for 
communications. 


1.4 Framing Error: 


Each time the 82C52 receives a character of data, it will 
check for 3 types of errors: (1) Parity error, (2) Framing error, 
and (3) Overrun error. 


When reading characters through the Serial Data In (SDI) 
pin, the 82C52 will first encounter a start bit. This start bit is 
a logical zero, and is detected by the first falling edge of the 
signal on SDI. Next, the 82C52 will see a specified number 
of data bits followed by the parity bit. The parity bit is 
checked for a parity error (see 1.8 and 1.9). The stop bits are 
then checked for a framing error. 


A framing error occurs when an incorrect stop bit is found, or 
if there are too few stop bits. This happens most often when 
the baud rates between the communicating devices differ. 
The data will have a tendency to become skewed. For infor- 
mation on this skewing problem, see 1.10. 


1.5 Interrupt Driven VO: 


This is a method of handling interaction between a CPU and 
an I/O device. In this scheme, the I/O device will issue an 
interrupt to the CPU when it requires attention. 


With the 82C52, an interrupt might occur when (1) the device 
receives a character on its SDI pin, (2) the device completes 
transmission of a character, (3) an error is found in a 
received character, or (4) a change was detected in one of 
the modem control lines. 


After the interrupt is recognized by the CPU, it (the CPU) will 
go to the corresponding Interrupt Service Routine(ISR). This 
routine decides how the interrupt should be serviced, and 
then services it. Upon completion of the ISR, execution of 
the user’s software will resume at the point where the inter- 
rupt occurred. 


1.6 VO Polling: 


A second method for handling interaction between a CPU 
and an I/O device. Rather than waiting for an 1/O device to 
interrupt the CPU, the software assumes the responsibility of 
checking to see if an I/O device needs servicing. 


When the system software needs to output to the 82C52, it 
will poll (look at) the device to see if it is ready to accept 
data. Similarly, in order to receive data from the 82C52, the 
software will poll to see if there is any data waiting to be read 
in. Once read, the software must test the status of the 82C52 
to see if any errors were detected in the data received. The 
software must also look for status changes in the modem 
control lines. 
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1.7 Overrun Error: 


With the 82C52, data is received on the SDI pin. From there 
it is shifted serially into the Receiver Register. Once in this 
register, it will be shifted (in parallel) into the Receive Buffer 
Register (RBR) should this register be empty. Should it not 
be empty, the data cannot be shifted into the RBR. However, 
subsequent data coming in on the SDI pin will be shifted into 
the Receiver Register, overwriting the data already there. 
This causes the 82C52 to flag an overrun error. 


To clear the RBR, data must be read from it by the CPU. This 
data must be read faster than the data is being received on 
SDI and written to the Receiver Register. In most cases, this 
problem must be dealt with in software: (1) Either the 
receive data routine must be optimized for better perfor- 
mance, or (2) The baud rate must be lowered to compensate 
for the data loss. 


1.8 Parity: 


Parity is a form of error detection commonly used in serial 
communications. In parity checking, the sending device gen- 
erates and sends an extra bit with each character transmit- 
ted. The state of this bit (0 or 1) is determined by (1) the 
number of 1 bits in the character transmitted, and (2) by 
whether parity was defined to be even or odd. 


With even parity, the parity bit is generated such that the 
number of one’ bits in the character (including the parity bit) 
is an even number. For example, if a word has 5 bits that are 
ones, the parity bit must be set to a one so that the total 
number of ‘one’ bits is an even number. If a character being 
sent has 6 bits set to a one, the parity bit will be zero.This 
still gives an even number of one bits in the character. 


Conversely, in odd parity, the parity bit is generated such that 
the total number of 1 bits (including the parity bit) is an odd 
number. For a character having 5 one bits, the parity bit gen- 
erated is a zero. For a character having 6 one bits, the parity 
bit is set to one 


(A) 
>1200bps 
START 
RIT — DATA BITS 
1200bps 
<1200bps 
$0 $1 $2 $3 $4 
nae: SERA 


START BIT 
DETECTED HERE 


(EVEN) (ODD) 
CHARACTER SENT PARITY BIT PARITY BIT 


FIGURE 1. PARITY 


1.9 Parity Error: 


This is caused by an invalid parity bit being detected in a 
character received. The condition occurs when (A) even par- 
ity is specified and an odd number of ‘one’ bits are detected 
in the character, or (B) odd parity is specified and an even 
number of ‘one’ bits are detected. 


For example, if the character GEH (01101110 b) is received 
by the device, and the parity bit read in is a 1, a parity error 
would be flagged if parity was defined to be ODD. Should 
parity be set to EVEN and the parity bit is a 1 for this same 
character, a parity error will not be flagged. 


1.10 Percentage Error in Baud Rate Generation: 


When exchanging data between two systems through serial 
links (i.e. RS-232C) it is important that the baud rates of the 
two systems be as equal as possible. Roughly speaking, 
these baud rates should not differ by more than 2%. For 
example, if system X is using an 82C52 to generate 1200 
bits per second (bps), and system Y with which it is commu- 
nicating is generating 1244bps, there is a 3.67% difference 
in the baud rates. Errors may occur when data is received by 
system X. 


The 82C52 samples the data being received on the SDI pin 
beginning from when the receiver detects a start bit. This is 
denoted by a high-to-low transition on the SDI pin.Based on 
the specified baud rate, the 82C52 will count and sample 
such that each bit is read at the center of a bit period. 
Figure 2 shows a character generated at 1200bps, and sam- 
pled for 10 bit periods (SO - S10). The character is 1B Hex 
with even parity. 


STOP 
—_ 
BIT(S) 


- 


$5 $6 S7 $8 $9 $10 


FIGURE 2. PERCENTAGE ERROR 
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Assume that system X is configured to transmit and receive 
at 1200bps. The system we are communicating with is run- 
ning slightly faster as stated above (1244bps). Our sampling 
rate will still be based upon 1200bps, but the sampling of the 
incoming signal will be off by a short time period. With each 
sample this error accumulates. Thus, the skewing to the right 
becomes greater over time. By the time we normally would 
be sampling the parity bit (S9), the stop bit(s) would be com- 
ing in over the SDI pin (see Figure 2A). In this case, the 
82C52 thinks it is sampling the parity bit when in fact, what it 
is seeing is really the stop bit. This could cause a parity error 
to be flagged. | 


Conversely, if data is being received at a baud rate slightly 
less than our specified baud rate, we would get a skewing of 
the received data in the opposite direction. From Figure 2C, 
we see that at S10 we are checking the stop bit, but system 
Y is still transmitting the parity bit. Therefore, the Framing 
error will be flagged. 


1.11 Request To Send (RTS): 


This signal is an output of the 82C52. It is used to inform a 
modem or remote.system that it wishes to transmit data. The 
modem (remote system) would then respond by activating 
the CTS signal. As with the CTS, this signal is of most value 
in half-duplex communications. 


2.0 Control Registers 


In order for the 82C52 to properly operate in a system, it 
must be configured for the desired form of operation. The 
user must decide how the device will be used in the system, 
and know the communications protocol of the device it will 
be communicating with. For example, in a system communi- 
cating with a modem we would need to utilize the modem 
control lines. When using the 82C52 in a local area network 
these modem control lines may be of no use to us. 


The 82C52 is initialized and configured by writing a series of 
control words from the CPU to various control registers in 
the device. These registers include the UART Control Regis- 
ter (UCR), the Baud Rate Selector Register(BRSR), and the 
Modem Control Register (MCR). 


UCR: Defines the format of characters being transmitted. 
The format of the characters includes the number of 
data bits, parity control, and the number of stop bits. 


BRSR: Used in setting up the internal baud rate generator in 
the 82C52 for a specific baud rate. It will also be 
used to specify what the CO output is to be. 


MCR: Defines which interrupts will be enabled, and will 
also set the modem control output lines (RTS and 
DTR). In addition, the MCR allows the user to select 
one of four modes of communications (normal.mode, 
echo mode, transmit break, and loop test mode). 


2.1 UART Control Register 


The UART Control Register (UCR) is a write-only register. 
Writing a command word to the UCR configures the trans- 
mission and reception circuitry of the 82C52. The command 
word essentially describes the format of characters that are 


to be transmitted or received. The format of these characters 
are made up of (1) a specific word length, (2) parity informa- 
tion, and (3) a selected number of stop bits, used to indicate 
transmission of that character is completed. 


‘> STOP BIT 0= 1 STOP BIT 


SELECT 1 = 1.5 STOP BITS (Ty) AND 
1 STOP BIT (Rx) IF 5 DATA 
BITS SELECTED 

PARITY 000 = Tx AND Ry EVEN 


CONTROL 001 = Tx AND Rx ODD 

010 = Ty EVEN, Ry ODD 

011 = Tx ODD, Rx EVEN 

100 = Tx EVEN, Ay CHECK 
DISABLED 

101 = Ty ODD, Rx CHECK 
DISABLED 

11X = GENERATION AND 
CHECK DISABLED 


00 = 5 BITS 
01=6BITS 
10=7 BITS 
11=8BITS 


SET TO 00 FOR FUTURE 
PRODUCT UPGRADE 
COMPATIBILITY 


FIGURE 3. UCR FORMAT 


DO — Stop Bit Select. This bit is used to select the number 
of stop bits that the 82C52 will insert into a character to be 
transmitted, and the number to look for in received charac- 
ters. The stop bit(s) denote where the end of a character 
occurs. The external device must be configured with the 
same number of stop bits as the 82C52. The setting(s) for 
this bit are as follows: 


WORK 
LENGTH 
SELECT 


RESERVED 


0 — If this bit is set to zero, then a single stop bit will be gen- 
erated and checked for. 


1 — Setting this bit to a one will cause either of two configura- 
tions. If we select a character length of 5 data bits, the 
82C52 will generate 1.5 stop bits during transmission, 
and will look for a single stop bit when receiving data. If a 
character length of 6, 7, or 8 data bits is selected, then 
two (2) stop bits will be generated and checked for. 


D3, D2 and D1 — Parity Control. These three bits are used 
to control the generation and checking of the parity bit. The 
82C52 can be configured to perform this function one of 
seven ways. These are: 


000—- Even parity is generated for transmitting data, and 
will be checked for when receiving data. 

001 —~ Odd parity is generated for transmitting data, and 
checked for during data reception. 

010~ Even parity is generated for data transmission, and 
odd parity will be checked for during data reception. 

011-— Odd parity is generated for data transmission, and 
even parity will be checked for during data reception. 

100-~ Even parity is generated for data transmission, how- 


ever, the 82C52 will do no parity checking on data 
that has been received. 
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101-— Odd parity is generated for data transmission. The 
82C52 will not check parity on data received. 


11X— The generation of a parity bit is disabled. Also, the 
82C52 will not check for parity on incoming data. D1 
is not used therefore, it can be either a O or a 1. 


TABLE 1. PARITY SELECTION 


[enw |r 


D5, D4 — Word Length Select. The state of these bits deter- 
mines the number of bits that are transmitted as a data word. 
The word length can be 5, 6, 7, or 8 bits long. 


TABLE 2. WORD LENGTH SELECTION 


WORD LENGTH 


7 Bits 


D7, D6 — Reserved. These bits have been reserved for 
future product upgrade compatibility. To insure that the future 
upgrades of the 82C52 will operate with existing software, 
these bits must both be set to zero (00). 


2.2 Baud Rate Select Register 


The Baud Rate Select Register (BRSR) is a write-only regis- 
ter used to set the internal 82C52 baud rate generator to the 
desired data transfer rate. Essentially, this baud rate will 
depend upon the clock speed of the crystal being used with 
the device. However, to provide more flexibility, the 82C52 
provides two separate counters for selecting a divide ratio to 
fit the user’s needs. 


These two counters are the Prescaler, and the Divisor 
select. The Prescaler allows the input clock rate to be 
divided by one of four values: 1, 3, 4, and 5. This new data 
rate can then be further divided by using the values available 


with the Divisor select. This final clock speed will be 16 times 
the actual baud rate used by the 82C52. 


The 16X clock speed can be output to the CO pin of the 
device through the CO Select function of the BRSR. If CO 
select is not selected, the output of the CO pin will reflect the 
crystal frequency input by the part on the IX pin. Note, this 
output (CO) is a buffered version of the IX input or 16X baud 
rate. 


PRESCALER 00=+1 
SELECT 01=+3 
10=+4 
11=+5 


DIVISOR 
SELECT 


00000 = +2 
00001 =+4 
00010 = + 16/3 
00011=+8 
00100 = + 32/3 
00101 =+ 16 
00110 = + 58/3 
00111 = + 22 
01000 = + 32 
01001 = + 64 
01010 =+ 128 
01011 =+ 192 
01100 = + 256 
01101 = + 288 
01110 =+ 352 
01111 =+ 512 
10000 = + 768 
11111 =+ EXTERNAL (+ 1) 


COSELECT O=ly OUTPUT 


1 = BRG OUTPUT 
FIGURE 4. BRSR FORMAT 


D1 and DO — Prescaler Select. This allows the user to 
choose one of four values that the input clock frequency (IX) 
will be divided by. 


TABLE 3. PRESCALER SELECTION 


PRESCALER 
DIVISOR 
+1 


D6, D5, D4, D3, and D2 — Divisor Select. The state of these 
bits determines the value of the Divisor select. The possible 
values are as follows in Table 4: 


7-7 


APPLICATION 


Application Note 108 


TABLE 4. DIVISOR SELECTION 


By using a crystal or external frequency with one of the com- 
mon crystal frequencies (1.8432MHz, 2.4576MHz, or 
3.072MHz) and a prescaler of divide by 3, 4, or 5 respec- 
tively, standard baud rates can easily be generated by 
selecting the Divisor as shown in Table 5 below: 


TABLE 5. STANDARD DIVISORS 


BAUD RATE DIVISOR 
SS 


2600 ee ee: 
a 6a 
1800 Rane nee 
a 
a 
a 
a 


NOTE: All baud rates are exact except for: ; 


TABLE 6. PERCENT DIFFERENTIAL 


BAUD RATE ACTUAL % DIFFERENCE 


To illustrate how a baud rate can be determined, let us look 
at the following example: 


EXAMPLE 2.1: 


Assume that we are using a clock frequency of 2.4576MHz 
with the 82C52, and we wish to configure the device to run at 
a baud rate of 9600 bits per second (bps). First, select a 
prescaler of divide-by-four. Therefore, bits D1 and DO will be 
set to 1 and 0. This will give an effective clock frequency of 
614,400Hz. 


Next, look at Table 5 to determine which divisor is needed to 
generate 9600 bps. The divisor is four (4). Bits 6 through 2 
will be set to 0 0 0 O and 1. The 614,400Hz clock has then 
been divided by 4 to give the appropriate 16X clock, which is 
153,600HZ (16 x 9600). 


To determine what the actual baud rate is, take 153,600Hz 
and divide it by 16. This will give us our 9600 bits per second 
(bps). A 16X clock rate is required by the internal circuitry of 
the 82C52. That is why the prescaler and divisor are 
selected to yield a clock rate that is 16 times the desired 
baud rate. | 


Finally, set the CO Select bit to 1 so that the CO output will 
be the same as the BRG output. This is the 16X frequency 
calculated above (153,600Hz). | 


The command word written to the BRSR will be: 
10000110 or 86 Hex 


D7 — CO Select. This tells the 82C52 what the source will be 
for the output pin CO. 


0 — The output on CO will be a buffered version of the clock 
input (IX) to the device. The frequency of this signal will 
be the actual crystal frequency (or external frequency) 
used to run the 82C52. 


1 — The output of CO will be a buffered version of a clock 
rate that is 16 times the actual baud rate generated by 
the 82C52. This signal is suitable for driving a second 
82C52 or UART in a system. 3 | 


2.3 Modem Control Register 


The Modem Control Register (MCR) is a general purpose 
register controlling various operation parameters within the 
device. These parameters include: (1) setting modem control 
lines RTS and DTR, (2) Enabling the interrupt structure of 
the device, (3) enabling the receiver on the device, and (4) 
selecting one of four operating modes in the device. 
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pra baebbe 


REQUEST TO 0=RATS OUTPUT HIGH 


SEND (ATS)  1=ATSOUTPUTLOW 

—> DATA 0 = DTR OUTPUT HIGH 
TERMINAL 1 = DTR OUTPUT LOW 
READY 
(OTR) 
INTERRUPT  0= INTERRUPTS ENABLED 
ENABLE 1 = INTERRUPTS DISABLED 
(INTEN) 


MODE SELECT 00 = NORMAL 
01 = TRANSMIT BREAK 
10 = ECHO MODE 
11 = LOOP TEST MODE 


RECEIVER § 0=NOT ENABLED 
ENABLE (REN) 1 = ENABLED 


MODEM 0 = NOT ENABLED 
INTERRUPT 1 = ENABLED 
ENABLE (MIEN) 


MUST BE SET TO ALOGIC 0 
FOR NORMAL 82C52 OPERATION 
FIGURE 5. MCR FORMAT 


DO — Request to Send. This bit allows the user to set the 
state of the RTS output pin. This pin is used as a modem 
control line in the RS-232C interface protocol. It is important 
to remember that the RTS output pin is active low. 


0 — Setting this bit to a zero causes a one (1) to be output on 
the RTS pin. In effect, this is setting the pin to its logical 
false state. 


1 — If this bit is set to a one, the RTS pin will be forced to a 
zero (0). This puts the RTS signal in its logical true state. 


D1 — Data Terminal Ready. This is a modem control line for 
an RS-232C-like interface. It is an output pin and is also 
active low. 


0 — A zero in bit D1 causes DTR pin to be put in a logical 
false state. The DTR pin outputs a one (1). : 


1 — By writing a one to this bit, the 82C52 DTR output pin is 
set to its logical true state (zero). 


D2 — Interrupt Enable (INTEN). This bit is an overall control 
for the INTR pin on the 82C52. With it, all 82C52 interrupts to 
the processor can either be enabled or disabled. When D2 is 
reset to disable interrupts, no status changes including 
modem status changes can cause an interrupt to the pro- 
cessor. 


0 — Interrupts are disabled. The INTR pin will be held in a 
false state (low) so that no interrupt requests to the pro- 
cessor are generated. 


1 — Interrupts are enabled. Interrupts will be discussed in 
more detail later. 


D4 and D3 — Mode Select. These two bits allow the user to 
select one of the four possible operating modes for the 
82C52. These are: 


00 — Normal mode - The 82C52 is configured for normal full 
or half duplex communications. Data will not be looped 


back in any form or fashion between the serial data 
input pin and the serial data output pin (see Figure 6a). 


01— Transmit break - Selecting this mode of operation will 
cause the transmitter to transmit break characters 
only. A break character is composed of all logical 
zeros for the start, data, parity, and stop bits. 


10- Echo mode - When this is selected, the 82C52 will 
retransmit data received on the SDI pin out to the SDO 
pin. In this mode of operation, any data written to the 
Transmitter Buffer Register will not be sent out on the 
SDO pin (See Figure 6b). 


11-— Loop Test mode - If this mode is selected, the data that 
normally would be transmitted is internally routed back 
to the receiver circuitry. The transmitted data will not 
appear at the SDO pin. Also, data that is received on 
the SDI pin will be ignored by the device. This mode of 
operation is useful for performing self test(s) on the 
device (see Figure 6c). 


82C52 


SERIAL DATA FROM 
TRANSMITTER REGISTER 


SERIAL DATA TO 
RECEIVE REGISTER 


6a. NORMAL MODE 


82C52 


SERIAL DATA TO 
RECEIVE REGISTER 


6b. ECHO MODE 


82C52 


SERIAL DATA FROM 
TRANSMITTER REGISTER 


SERIAL DATA TO 
RECEIVE REGISTER 


6c. LOOP TEST MODE 
FIGURE 6. OPERATING MODES 


D5 — Receiver Enable (REN). Controls the reception of data 
through the SDI pin into the Receiver Register. Disabling the 
receiver is useful when performing a software reset on the 
device. This locks out any errant data from being received. 
This would also prevent interrupts from occurring due to data 
reception. Other possible reasons for disabling the receiver 
might be so that sections of software can execute without 
interruption, so that software only accepts data when ready 
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for it, or so that a software reset/reconfiguration can be per- 
formed. 


0 - A zero for this bit prevents the device from recognizing 


data sent to the SDI pin. The receive circuitry will remain 


in an idle state. 


1 - Writing a one to this bit enables the receiver. Data will 
then be recognized at the SDI pin. 


D6 — Modem Interrupt Enable. Enabling this bit will allow 
any change in the modem status line inputs (CTS and DSR) 
to cause an interrupt. The Modem Status register (MSR) will 
contain information pertaining to which condition(s) caused 
the interrupt. 


0 - Modem interrupts not enabled. 
1 - Modem interrupts enabled. 


D7 — This bit must always be set to a logic zero to insure 
device compatibility for future product upgrades. Should this 
bit be set to a one (1)during initialization, the device will not 
respond to any data at the SDI pin, and no data will be trans- 
mitted from the Transmitter Register to the SDO pin. 


3.0 Status Registers 


In addition to the various Control registers, the 82C52 has 
two read only status registers that can be accessed by the 
CPU to determine the status of the device at any given time. 
These are the UART Status Register (USR), and the Modem 
Status Register (MSR). The registers are used for keeping 
track of any changes in (1) the modem lines on the device 
(2) the status of data transmission or reception, and (3) 
whether any error(s) were detected in received data. 


The USR deals with the different types of data errors, the 
status of data transmission, as well as data waiting to be 
read. The MSR, on the other hand, reflects the status of the 
various modem control lines in the device (i.e. CTS and 
DSR). 


Normally, in an interrupt-driven system, after an interrupt 
occurs, the user’s software would check the status regis- 
ter(s) to determine what caused the interrupt. The software 
then should deal with the various types of interrupts in an 
appropriate manner. 


3.1 UART Status Register 


The UART Status Register (USR) contains information per- 
taining to the status of the 82C52 operation. The information 
that is kept in the USR includes: data reception error infor- 
mation, modem status, and the status of data transmission. 
This register will normally be the first 82C52 register read 
when servicing an 82C52 interrupt, or when polling the 
device. 


NOTE: The USR will be cleared upon reading its contents. 


After reading and clearing the status register, the bits will 
remain as zeros until a status change occurs to set the 
proper bit(s). 


07{De}05|D4}03}02]01}0 

| PARITY ERROR 0=NOERROR 
(PE) 1= ERROR 
FRAMING 0 =NO ERROR 
ERROR (FE) 1= ERROR 
OVERRUN 0 =NO ERROR 
ERROR (OE) 1= ERROR 
RECEIVED 0 = NO BREAK 
BREAK (RBRK) 1=BREAK 
MODEM 0 = NO STATUS CHANGE 
STATUS (MS) 1 = STATUS CHANGE 


TRANSMISSION 0=NOT COMPLETE 
COMPLETE (TC) 1= COMPLETE 


TRANSMITTER 0 = NOT EMPTY 

BUFFER 1 = EMPTY 

REGISTER 

EMPTY (TBRE) 

DATA READY (DR) 0 = NOT READY 
1 = READY 


FIGURE 7. USR FORMAT 


DO — Parity error (PE). This bit indicates whether a parity 
error was detected in the last character read into the 
Receive Buffer Register. If parity is disabled, this bit will 
always be a zero. 


0 — No error detected. 
1 — Parity error detected. 


D1 — Framing error (FE). A one in this bit indicates that the 
last character received contained an improper number of 
stop bits. This might be caused by no stop bits being sent, or 
by the length of the stop bits being too short. 


0 — No framing error. 
1 — Framing error detected. 


D2 — Overrun error (OE). When this status bit is set to a 
one, it indicates that data in the RBR is not being read by the 
CPU fast enough to permit data in the Receiver Buffer to be 
shifted to the RBR before the next character comes in on the 
SDI pin. Data is then lost because it is overwritten by incom- 
ing characters. 


0 — No overrun error detected. 
1 — Overrun error detected. | 


D3 — Received Break (RBRK). This status bit indicates that 
the last character received was a break character. A break 
character consists of all logic zeros including the parity and 
stop bits. The most common usage of this character is to 
indicate a special condition in the communications taking 
place. For example, the device sending information to the 
82C52 might send a break character to it to indicate that it 
has completed transmitting its stream of data. 


0 — No break. 
1 — Break detected. 


D4 — Modem Status (MS). This bit indicates whether or not 
there has been a change in the states of any of the modem 
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control lines on the device.These lines include: CTS and 


DSR. To determine which of these lines has changed, the 
user can read the Modem Status Register (MSR). 


Also, should both the MIEN and INTEN bits be set in the 
MCR register, an interrupt will be generated when the MS bit 
gets set. 


0 — No status change. 
1 — Status change detected. 


D5 — Transmission Complete (TC). When a character is 
written to the 82C52 Transmitter Buffer Register (TBR), it will 
be transferred to the Transmitter Register before actually 
being shifted out serially through the SDO pin. When the char- 
acter has finally been transmitted on SDO, and both the TBR 
and Transmitter Registers are empty, the TC bit will be set. 


NOTE: The TC bit getting set does not always mean that an end of 
transmission has occurred. It indicates that both the TBR and the 
Transmitter Register are empty. For instance, if we are running the 
82C52 at a high baud rate, it could transmit data faster than the user's 
software can write characters to the device. In this case, the TC bit 
could get set between each character being transmitted. 


Assertion of this bit will cause an interrupt when the INTEN 
bit of the MCR has been set. 


0 — Not complete. 
1 — Transmission complete. 


D6 — Transmitter Buffer Register Empty (TBRE). When a 
character written to the TBR has been transferred to the 
Transmitter Register and the TBR is ready for another char- 
acter, this bit will get set. 


The user should check the TBRE bit before writing another 
Character to the Transmitter Buffer Register. This insures 
that the previous character written to the TBR no longer 
resides there, but is being shifted out on the SDO pin. 


0 — Not empty. 
1 — Empty. 


D7 — Data Ready (DR). Is set when the Receive Buffer Reg- 
ister (RBR) has been loaded with a received character 
through the SDI pin. The CPU can access this data by read- 
ing the RBR. For example, if the user wishes to see if there 
is any data waiting to be read from the Receiver Register, 
this bit can be checked. 


0 — No data ready. 
1 - Data ready in RBR. 


NOTE: In an interrupt driven system, interrupts caused by the DR 
signal should have a higher priority than those caused by the TBRE 
signal. This will guard the software against Overrun errors. You have 
no control over the information being sent to you, but you can control 
how and when you are transmitting data. 


3.2 Modem Status Register 


The Modem Status Register (MSR), a read-only register, 
allows the user to determine the status of the Modem Status 
pins. The status of these pins is reflected by the correspond- 
ing bit(s) being set to a one if the state of the pin is in its true 


state (low), and by being set to a zero if the pin is in its false 
State (high). This will apply regardless of whether the pin is 
set up to be active high or active low. 


A change in any of the status bits will cause an interrupt if 
the INTEN and MIEN bits of the MCR are enabled. 


CLEAR TOSEND(CTS) 0=FALSE 


1 = TRUE 


DATA SET READY (OSR) 0= FALSE 
1 = TRUE 


0 
0 


UNDEFINED 
FIGURE 8. MSR FORMAT 


DO — Clear to Send (CTS). This is both a status and control 
signal from the modem. It tells the 82C52 that the modem is 
ready to receive data from the 82C52 transmitter output 
(SDO). If this line is inhibited (false), then the 82C52 will not 
be able to begin transmission of data. Should this line go 
false in the middle of a transmission, the UART will only be 
able to finish transmission of the current character. 


0-CTS in false state. 
1—CTS is true. 


D1 — Data Set Ready (DSR). This is a status indicator from 
the modem to the 82C52 indicating that the modem is ready 
to provide data to the 82C52. 


0 ~ DSR in false state. 
1 — DSR is true. 


4.0 Transmit/Receive Buffer Registers 


In addition to the control and status registers, the 82C52 has 
two buffer registers that allow for the actual serial communi- 
cations to be performed. These registers are used for send- 
ing characters out to the SDO pin, and for reading data from 
the SDI pin. 


4.1 Receiver Buffer Register 


The Receiver Buffer Register (RBR) is a read-only register 
which contains the character received via the SD! pin. When 
data is received by the 82C52, it is read serially into the 
Receiver Register from the SDI pin, and then transferred to 
the RBR for the CPU's access. This double buffering allows 
for higher transmission rates without loss of data. However, 
should additional characters be received by the 82C52 
before this register is read, then the Receiver Register will 
be overwritten with the subsequent characters. This will 
cause the Overrun Error (OE) flag to be asserted. 


The RBR is 8 bits long and can accept data lengths of 5 to 8 
bits. The data will be right justified in the register. When 
selecting data lengths of less than 8 bits, the 82C52 will 
insert zeros (0) into the RBR for the unused (most signifi- 
cant) bits. For example, if the 82C52 is configured for 6 data 
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bits, and the character 31H is received, the RBR will look as 
follows when read: 


FIGURE 9. RECEIVED DATA 


Bits D7 and D6 are automatically zeroed out by the 82C52. 


BIT 0 * 
BIT4 
5 BIT 
BIT 2 WORD |.6 BIT 
BIT3 WORD [7 BiT 
WORD [8 BIT 


WORD 


NOTE: THE LSB, BIT 0 (IS THE FIRST SERIAL DATA BIT RECEIVED 


FIGURE 10. RBR FORMAT 
4.2 Transmitter Buffer Register 


The Transmitter Buffer Register (TBR) is a write only register 
used for sending characters out through the SDO pin. 
Characters to be transmitted should only be written to this 
register when it is empty. This condition can be checked for 
by reading the UART Status Register (USR) TBRE bit, or 
waiting for an interrupt to signal this condition. 


Like the Receiver circuitry, the Transmitter also uses double 
buffering. Here, we are taking advantage of the double buff- 
ering to increase throughput with the 82C52. The user would 


first write a character to the TBR. From here it is shifted (in 


parallel) into a second register known as the Transmit Regis- 
ter. After this transfer has been completed, the TBRE bit is 
set. 


The character shifted into the Transmit Register is then 
shifted serially out onto the SDO pin. Meanwhile, because 
the TBR is empty, another character can be written by the 
CPU to the TBR. in effect, the transmitter circuitry is then 
performing two operations simultaneously. This double buff- 
ering technique allows continuous data flow transmission. 


The Transmit Buffer Register is also 8 bits wide. Because we 
can specify data: lengths as being from 5 to 8 bits wide, the 
82C52 right justifies the data when it is written to the TBR, 
and fills the unused bits with zero’s. In other words, unused 
(most significant) bits are truncated. For example, if we set 
up the device so that 6 data bits are specified and we write 
the character 71H (01110001 b) to the TBR, we will effec- 


tively be transmitting the character: 


FIGURE 11. TRANSMITTED DATA 


The two most significant bits are zeroed out automatically by 
the 82C52. 


BITO 
BIT 1 
5 BIT 
BIT3 WORD [7 BIT 
WORD {|_8 BIT 
WORD 


BIT 4 
BITS 
BIT 6 
BIT 7 


NOTE: THE LSB, BIT 0 IS THE FIRST SERIAL DATA BIT TRANSMITTED 
FIGURE 12. TBR FORMAT 


5.0 /O Addressing Methods 


To utilize the 82C52 in a microprocessor based system, it is 
necessary for the system to be designed such that we can 
easily access (address) the device. In the following discus- 
sion, we will look at two I/O device addressing schemes that 
can be applied to the 82C52: 


- /O Mapped Addressing, and 
- Memory Mapped I/O Addressing 


We will look at these two modes as they apply to an 80C86/ 
80C88-based system. 


5.1 VO Mapped Addressing 


in this scheme of I/O addressing, the microprocessor uses 
one set of instructions for accessing memory, and a different 
set for accessing I/O devices. The CPU will generate differ- 
ent control signals (IO/M) to select either memory or I/O 
based upon the type of instruction it is executing. Because of 
this, the system needs two sets of control logic for accessing 
memory and I/O. As we can see in Figure 13, the control 
logic for each is essentially the same. 


When addressing I/O, we would use either the IN instruction 
or the OUT instruction. The port address specified in the 
instruction is placed on the address bus, and the IO/M signal 
selects and activates the control logic for I/O. If we used one 
of the memory commands (MOV, CMP, TEST, etc.), the |O/M 
signal would activate the control logic for the system 
memory. : 
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MEMORY mi 


aK on) 


} OTHER MEMORY 


HPL-820338 


DATA BUS 


1/0 DEVICE 
(82052) 


FIGURE 13. VO MAPPED ADDRESSING 


MEMORY 


WR 


OTHER MEMORY 
ADDRESS CHIPS 
ace OTHER 1/0 
DEVICES 
cs AD 
DATA BUS wr 
82C52 
MEMORY MAP 
OK 
*~iN 80C86 SYSTEM 
MEMORY 
1/0 


a 1024K* 


FIGURE 14. MEMORY MAPPED I/O ADDRESSING 


5.2 Memory Mapped VO 


Memory Mapped 1/O uses the same control logic for 
accessing both memory and 1/O devices within a system. 
This is illustrated in Figure 14. Because we are using one set 
of control logic, we reduce the number of devices in the 
system, and save board space. 


When I/O devices are placed within the Memory Space of a 
system, it is possible to take advantage of the memory 
instruction set. This would now allow us to utilize the full reg- 
ister set in 1/O operations, as opposed to only being able to 
use the accumulator (AX/AL) for the 1/O instructions. Also, 
conditional testing can be applied to the 1/O devices (i.e. 
TEST, CMP). When using memory mapped I/O, it should be 
noted that the I/O devices can no longer be accessed 
through the I/O instructions (IN and OUT).There are disad- 
vantages to using memory mapped I/O as well: 


- The W/O devices are treated as memory, therefore the 
amount of available memory in the system is reduced. 


Memory instructions will execute slower than the I/O com- 
mands (IN and OUT). In certain situations (i.e. 1/O polling), 
this could lead to loss of data during communications 
(overrun errors). 


5.3 VO Addressing For The 82C52 


The actual addressing of the 82C52 internal registers takes 
place through the address pins AO and A1. These two sig- 
nals are taken from the address bus. In the following exam- 
ple(s), address lines ADO and AD1 from the 80C86/88 drive 
AO and Ai, respectively, on the 82C52. Control logic will 
decode the remaining address lines from the CPU to gener- 
ate a ‘chip select’ for enabling the 82C52. The control logic 
consists of a 74XX138 Chip Select Decoder. 


The addresses for the 82C52 set up as described above are 
shown in Table 7. . 


TABLE 7. EXAMPLE ADDRESSES 


Baus Sacco Fogitor| 194 | We onreasor_ 
Mader SiasRogiter | 1H | Rendon roger 


6.0 Reset Of The 82C52 


There are two distinct ways in which the 82C52 can be reset 
to a known initial state: (1) By applying a reset pulse for at 
least two clock cycles on the RST pin, or (2) through software. 


A hardware reset is accomplished by forcing the RST pin to 
a high state for a minimum of two clock cycles. This should 
be for two cycles of the 82C52’s IX clock input as opposed to 
the system clock. This reset will cause the UART Status 
Register (USR) to be set to 60H (TC and TBRE bits will be 
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set), and the Modem Control Register(MCR) will be cleared. 
Any lines associated with the bits in the USR and MCR will 
be cleared or disabled. | 


During the reset of the device, the Baud Rate Select Regis- 
ter (BRSR) and the UART Control Register (UCR) will not be 
affected. However, if the reset comes due to power on, these 
registers will have an indeterminate value associated with 
them. After this reset, the 82C52 will remain in an idle state 
until programmed to its desired configuration. 


A second method of resetting the 82C52 is through a soft- 
ware reset. This will allow the device to be set to a known 
state. The procedure for performing a software reset is out- 
lined below: | 


(1) MCR = OOH. Write a zero to the MCR. This will disable 


the receiver as well as the modem control lines, and 
interrupts. 


(2) Read the RBR to clear out any residual data. 


(3) Read the USR to reset status, thus keeping status lines 
from causing possible interrupts to the CPU. 


(4) Reconfigure the device for the desired mode of opera- 
tion. — 


7.0 Programming The 82C52 


In order to configure the 82C52 for proper operation, three 
separate command words need to be written to the com- 
mand (control) registers that were specified earlier. 


These registers include (1) the UART Control Register,(2) 
the Baud Rate Select Register, and (3) the Modem Control 
Register. When programming the device, these registers can 
be written to in any order. It is advisable to initialize the 
Modem Control Register last because it controls the 
enabling of interrupts, and the receiver circuitry. Once initial- 
ized, the 82C52 can be reconfigured at any time by writing 
new command word(s) to the control registers. However, the 
device should not be actively transmitting or receiving data 
when reconfiguring the control registers. 


Addressing of the internal registers on the 82C52 occurs by 
using the address lines A1 and AO, as well as the WR and 
RD lines. A more complete description of this is shown in 
Table 8. 


82C52 Polling Operation 


When utilizing a polling scheme for communications with the 
82C52, it is important to note that the UART status register 
will be cleared of its contents when it is read by the proces- 
sor. Therefore, subsequent reads of this register will show 
the contents to be OOH unless the status of the device has 
changed between reads. Because of this, it would be neces- 
sary for a copy of the status to be saved so that the proper 
status can be seen. | 


Interrupt Driven Operation 


In this example, the 82C59A Interrupt Controller is being 
used to handle interrupts generated by the 82C52. The 
82C59A then communicates this interrupt information to the 
CPU so that it may be properly serviced. An example of how 
the 82C59A and 82C52 are interfaced to the CPU is shown 
in Figure 15. 


A ¥6 
B ¥4 
c 


INTR 


82C59A 
cs 
AO 


ee 


80088 
DATA BUS 


80C88 
ADDRESS BUS 


FIGURE 15. INTERRUPT DRIVEN SYSTEM 


TABLE 8. ADDRESSING THE 82C52 


{ 


ef 


C= [e@peps [se | * | [oa 
ae 
es 


RBR-———> Data bus 
USR ———> Data bus 
MCR ———> Data bus 


— 
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82C59A CMOS PROGRAMMABLE INTERRUPT CONTROLLER | 


Introduction 


The Harris 82C59A is a CMOS Priority Interrupt 
Controller, designed to relieve the system CPU from the 
task of polling in a multi-level priority interrupt system. 
The 82C59A. is compatible with microprocessors such as 
the 80C86, 80C88, 8086, 8088, 8080/85 and NSC800. 


In the following discussion, we will look at the 
initialization and operation process for the 82C59A. We 
will focus our attention on 80C86/80C88-based systems. 
However, the information presented will also be 
applicable to use of the 82C59A in 8080 or 8085-based 
systems as well. 


Let us look at the sequence of events that occur with the 
82C59A during an interrupt request and service. In an 
8080/85 based system: 


(1) One or more of the INTERRUPT REQUEST lines (IRO 
- IR7) are raised high, setting the corresponding bits 
in the Interrupt Request Register (IRR). 


The interrupt is evaluated in the priority resolver. If 
appropriate, an interrupt is sent to the CPU via the 
INT line (pin 17). 


The CPU acknowledges the interrupt by sending a 
pulse on the INTA line. Upon reception of this pulse, 
the 82C59A responds by forcing the opcode for a call 
instruction (OCDH) onto the data bus. 


A second INTA pulse is sent from the CPU. At this 
time, the device will respond by placing the lower 
byte of the address of the appropriate service routine 
onto the data bus. This address is derived from ICW1. 


A final (third) pulse of INTA occurs, and the 82C59A 
responds by placing the upper byte of the address 
onto the data bus. This address is taken from ICW2. 


The three byte call instruction is then complete. If the 
AEOI mode has been chosen, the bit set during the 
first INTA pulse in the ISR is reset at the end of the 
third INTA pulse. Otherwise, it will not get reset until 
an appropriate EOI command is issued to the 
82C59A. 


For 80C86- and 80C88-based systems: 
(1) and (2) same as above. 


(3) The CPU responds to the interrupt request by pulsing 
the INTA line twice. The first pulse sets the 
appropriate ISR bit and resets the IRR bit while the 
second pulse causes the interrupt vector to be placed 
on the data bus. This byte is composed of the 
interrupt number in bits 0 through 2, and bits 3 
through 7 are taken from bits 3 - 7 of |ICW2. 


The interrupt sequence is complete. If using the AEOI 
mode, the bit set earlier in the ISR will be reset. 
Otherwise, the interrupt controller will await an 
appropriate EOI command at the end of the interrupt 
service routine. 
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1.0 Glossary of Terms for the 82C59A 
1.1 Automatic End of Interrupt (AEOI): 


When the 82C59A is programmed to operate in the 
Automatic EOI mode, the device will produce its own 
End-of-interrupt (EOI) at the trailing edge of the last 
Interrupt Acknowledge pulse (INTA) from the CPU. Using 
this mode of operation frees the software (service 
routines) from needing to send an EOI manually to the 
B2C59A. 


However, using the Automatic EO! mode will upset the 
priority structure of the 82C59A. When the AEOI is 
generated, the bit that was set in the In-Service Register 
(ISR) to indicate which interrupt is being serviced, will be 
cleared. Because of this, while an interrupt is being 
serviced there will be no record in the ISR that it is being 
serviced. Unless interrupts are disabled by the CPU, there 
is a risk that interrupt requests of lower or equal priority 
will interrupt the current request being serviced. If this 
mode of operation is not desired, interrupts should not be 
re-enabled by the CPU when executing interrupt service 
routines. 


' 4.2 Automatic Rotation: 


During normal operation of the 82C59A, we have an 
assigned order of priorities for the IR lines. There are 
however, instances when it might be useful to assign 
equal priorities to all interrupts. Once a _ particular 
interrupt has been serviced, all other equal priority 
interrupts should have an opportunity to be serviced 
before the original peripheral can be serviced again. This 
priority equalization can be achieved through Automatic 
Rotation of priorities. 


Assume, for example, that the assigned priorities of 
interrupts has IRO as the highest priority interrupt and IR7 
as the lowest. Figure 1A shows interrupt requests 
occuring on IR7 as well as IR3. Because IR3 is of higher 
priority, it will be serviced first. Upon completion of the 
servicing of IR3, rotation occurs and IR3 then becomes 
the lowest priority interrupt. IR4 will now have the highest 
priority (see Figure 1B). 


There are two methods in which Automatic Rotation can 
be implemented. First, if the 82C59A is operating in the 
AEO! mode as described above, the 82C59A can be 
programmed for “Rotate in Automatic EOI mode”. This is 
done by writing a command word to OCW2. The second 
method occurs when using normal EOls. When an EO! is 
issued by the service routine, the software can specify 
that rotation be performed. 


IR? IR6 IRD IR4 IRS = =IR2 ~~ sIAI 


IRO 


LOWEST HIGHEST 
PRIORITY PRIORITY 
FIGURE 1A. IR PRIORITIES (BEFORE ROTATION) 
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HIGHEST LOWEST 
PRIGRITY PRIORITY 
FIGURE 1B. IR PRIORITIES (AFTER ROTATION) 


1.3 Buffered Mode: 


When using the 82C59A in a large system, it may be 
necessary to use bus buffers to guarantee data integrity 
and guard against bus contention. 


By selecting buffered mode when initializing the device, 
the SP/EN pin (pin 16) will generate an enable signal for 
the buffers whenever the data outputs from the 82C59A 
are active. In this mode, the dual function SP/EN pin can 
no longer be used for specifying whether a particular 
82C59A is being used as a master or a slave in the system. 
This specification must be made through setting the 
proper bit in |CW4 during the device initialization. 


1.4 Cascade Mode: 


More than one 82C59A can be used in a system to expand 
the number of priority interrupts to a maximum of 64 
levels without adding any additional hardware. This 
method of expansion is known as “cascading”. An 
example of cascading 82C59As is shown in Figure 2. 


In a cascaded interrupt scheme, a single 82C59A is 
utilized as the “master” interrupt controller. As many as 8 
“slave” 82C59As can be connected to the IR inputs of the 
“master” 82C59A. Each of these slaves can support up to 
8 interrupt inputs, yielding 64 possible prioritized 
interrupts. 


When in cascade mode, the determination of whether a 
device is a master or a slave can take either of eee forms. 
The state of the SP/EN pin will select “master” or “slave” 

mode for a device when the buffered mode is al being 
used. Should buffered mode be used, then it is necessary 
that bit D2 (M/S) of |ICW4 be set to indicate if the particular 
82C59A is being used as a “master” or “slave” interrupt 
controller in the system. 


The CASO0-2 pins on the interrupt controllers serve to 
provide a private bus for the cascaded 82C59As. These 
lines allow the “master” to inform the slaves which is to be 
serviced for a particular interrupt. 


1.5 End of Interrupt (EOl): 


When an interrupt is recognized and acknowledged by 
the CPU, its corresponding bit will be set in the In-Service 
Register (ISR). If the AEO! mode is in use, the bit will be 
cleared automatically through the interrupt acknowledge 
signal from the CPU. However, if AEO! is not in effect, it is 
the task of software to notify the 82C59A when servicing 
of an interrupt is completed. This is done by issuing an 
End-of-Interrupt (EOI). 


There are 2 different types of EOls that can be issued to 
the device; non-specific EOI and specific EOI. In most 
cases, when the device is operating in a mode that does 
not disturb the fully nested mode such as Special Fully 
Nested Mode, we will issue a non-specific EOI. This form 
of the EO! will automatically reset the highest priority bit 
set in the ISR. This is because for full nested operation, 
the highest priority !S bit set is the last interrupt level 
acknowledged and serviced. 


The “specific” EOI is used when the fully nested structure 
has not been preserved. The 82C59A may not be able to 
determine the last level acknowledged. Thus, the software 
must specify which interrupt level is to be reset. This is 
done by issuing a “specific” EOI. 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


APPLICATION 
NOTES 
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§2C59A SLAVE A MASTER B2C59A 


SPEN 7 
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INTERRUPT REQUESTS 


FIGURE 2. CASCADING THE 82C59A 
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1.6 Fully Nested Mode: 


By default, the 82C59A operates in the Fully Nested Mode. 
It will remain in this mode until it is programmed 
otherwise. In the Fully Nested Mode, interrupts are 
ordered by priority from highest to lowest. Initially, the 
highest priority level is IRO with IR7 having the lowest. 
This ordering can be changed through the use of priority 
rotation (see 1.2). 


In the Fully Nested Mode, when an interrupt occurs, its 
corresponding bit will get set in the Interrupt Request 
Register (IRR). When the processor acknowledges the 
interrupt, the 82C59A will look to the IRR to determine the 
highest priority interrupt requesting service. The bit inthe 
In-service Register (ISR) corresponding to this interrupt 
will then be set. This bit remains set until an EOI is sent to 
the 82C59A. 


While an interrupt is being serviced, only higher priority 
interrupts will be allowed to interrupt the current interrupt 
being serviced. However, lower priority interrupts can be 
allowed to interrupt higher priority requests if the 82C59A 
is programmed for operation in the Special Mask Mode. 


When using the 82C59A in an 80C86- or 80C88-based 
system, interrupts will automatically be disabled when the 
processor begins servicing an interrupt request. The 
current address and the state of the flags in the processor 
will be pushed onto the stack. The interrupt-enable flag is 
then cleared. To allow interrupts to occur at this point, the 
STI instruction can be used. Upon exiting the service 
routine using the IRET instruction, execution of the 
program is resumed at the point where the interrupt 
occured, and the flags are restored to their original values, 
thus re-enabling interrupts. | 


A configuration in which the Fully Nested structure is not 
preserved occurs when one or more of the following 
conditions occur: 


(a) The Automatic EOI mode is being used. 
(b) The Special Mask Mode is in use. 


(c) Aslave 82C59A has a master that is not programmed 
to the Special Fully Nested Mode. 


Cases (a) and (b) differ from case (c) in that the 82C59A 
would allow lower priority interrupt requests the 


opportunity to be serviced before higher priority interrupt - 


requests. 


1.7 Master: 


When using multiple 82C59As in a system, one 82C59A 
has control over all other 82C59As. This is known as the 
“master” interrupt controller. Communication between 
the master and the other (slave) 82C59As occurs via the 
CASO - 2 lines. These lines form a private bus between the 
multiple 82C59As. Also, the INT lines from the slaves are 
routed to the master’s IR input pin(s). See Figure 2. | 


1.8 Slave: 


A “slave” 82C59A in a system is controlled by a master 
82C59A. There is but one “master” in the system, but there 
can be up to 8 slave 82C59As. The INT outputs from the 
slaves act as inputs to the master through it’s IR inputs. 


Communications between the master and slaves occurs 
via the CASO - 2 lines. See Figure 2. 


1.9 Special Fully Nested Mode: 


The Special Fully Nested Mode (SFNM) is used in a 
system having multiple 82C59As where it is necessary to 
preserve the priority of interrupts within a slave 82C59A. 
Only the master is programmed for the Special Fully 
Nested Mode through ICW4. This mode is similar to the 
Fully Nested Mode with the following exceptions: 


(a) When an interrupt from a particular slave is being 
serviced, additional higher priority interrupts from 
that slave can cause an interrupt to the master. 
Normally, a slave is masked out when its request is in 
service. 


(b) When exiting the Interrupt Service routine, the 
software should first issue a non-specific EOI to the 
slave. The In-service Register (ISR) should then be 
read and checked to see if its contents are zero. If the 
register is empty, the software should then write a 
non-specific EO! to the master. Otherwise, a second 
EOI need not be written because there are interrupts 
from that slave still being processed. 


NOTE: Because the Master 82C59A and its slave 82C59As must be in Fully 
Nested Mode for this mode to be functional, we could not utilize Automatic 
EOls. These would disturb the Fully Nested structure, as described 
in section 1.6. : 


1.10 Special Mask Mode: 


The Special Mask Mode is utilized in order to allow 
interrupts from all other levels (higher and lower as well) 
to interrupt the IR level that is currently being serviced. 
Invoking this mode of operation will disturb the fully 
nested priority structure. 


Generally, the Special Mask Mode is selected during the 
servicing of an interrupt. The software should first set the 
bit corresponding to the IR level being serviced, in the 
Interrupt Mask Register (OCW1). The Special Mask Mode 
and interrupts should then be enabled. This will allow any 
of the IR levels except for those masked off by OCW1 to 
interrupt the IR level currently being serviced. 


Because this disturbs the Fully Nested Structure, it is 
required that a Specific EOI be issued when servicing 
interrupts while the Special Mask Mode is in effect. Before 
exiting the original interrupt routine, the Special Mask 
Mode should be disabled. 


1.11 Specific Rotation: 


By issuing the proper command word to OCW2, the 
priority structure of the 82C59A can be dynamically 
altered. The command word written to OCW2 would 
specify which is to be the lowest priority IR level. 


This specific rotation can be accomplished one of two 
ways. The first is through a specific EOI. The software can 
specify that rotation is to be applied to the IR level 
provided with the EOI. The second method is a simple “set 
priority” command, in which the lowest priority level is 
specified with the command word. 
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2.0 Initialization Control Words 


The following section gives a description of the Initialization 
Control Words (ICW) used for configuring the 82C59A In- 
terrupt controller. There are four (4) control words used for 
initialization of the 82C59A. These ICWs must be pro- 
grammed in the proper sequence beginning with ICW1. If at 
any time during the course of operation the configuration of 
the 82C59A needs to be changed, the user must again write 
out the control words to the device in their proper order. The 
initialization sequence is shown in Figure 3. 


READY TO ACCEPT 
INTERRUPT REQUESTS 


FIGURE 3. 82C59A INITIALIZATION SEQUENCE 


ICW1: The 82C59A recognizes the first Initialization 
Control Word (ICW) written to it based on two crite- 
ria: (1) the AO line from the address bus must be a 
zero, and (2) the D4 bit must be a one. If the D4 bit is 
set to a zero, we would be programming either 
OCW2 or OCW3 (these are explained later). The 
function of |CW1 is to tell the 82C59A how it is being 
used in the system (i.e. Single or cascaded, edge or 
level triggered interrupts etc.). 


ICW2: This control word is always issued directly after 
ICW1. When addressing this ICW, the AO line from 
the address bus must be a one (high). ICW2 is util- 
ized in providing the CPU with information on where 
to vector to in memory when servicing an interrupt. 


ICW3: This control word is issued only if the SNGL (D1) bit 
of ICW1 has been programmed with a zero. When 
addressing this word, the AO line from the CPU must 
be high (1). This control word is for cascaded 
82C59A’s. It allows the master and slave 82C59As 
to communicate via the CASO-2 lines. With the mas- 
ter, this word indicates which IR lines have slaves 
connected to them. For the slave 82C59A(s), this 
word indicates to which IR line on the master it is 
connected. 


ICW4: Issuance of this ICW is selectable through the IC4 
(DO) bit of ICW4. If ICW4 is to be written to the 
82C59A, AO from the CPU must be high (1) when 
writing to it. This word needs to be written only when 
the 82C5Q9A is operating in modes other than the de- 
fault modes. Instances when we would want to write 
to ICW4 are one or more of the following: An 
80C86(80C88) processor is being used, buffered 
outputs (DO-D7) are to be used, Automatic EOls are 
desired, or the Special Fully Nested mode is to be 
used. 


2.1 ICW1: 


ICW11 is the first control word that is written to the 82C59A 
during the initialization process. To access this word, the 
value of AO must be a zero (0) in the addressing, and bit D4 
of ICW1 must be a one (1). The format of the command 
word is as follows: 


Ago O07 Dg D5 Dg D3 Do Dy Dg 


Pa Oe es 
a 1= (CW4 NEEDED 
0= NO ICW4 NEEDED 
1= SINGLE 
0 = CASCADE MODE 


CALL ADDRESS INTERVAL 


1= INTERVAL OF 4 
O= INTERVAL OF 8 


1= LEVEL TRIGGERED MODE 
O= EDGE TRIGGERED MODE 


A7 - Ag OF INTERRUPT 
VECTOR ADDRESS 
(MCS-80/85 MODE ONLY) 


* NOTE: This is an address bit, and not part of the ICW. 


FIGURE 4. ICW1 FORMAT 


D7 thru D5 - A7, AG, A5: These bits are used in the 8080/ 
85 mode to form a portion of the low byte call ad- 
dress. When using the 4 byte address interval, all 3 
bits are utilized. When using the 8 byte interval, only 
bits A7 and A6 are used. Bit AS becomes a “don’t 
care” bit. lf using an 80C86(80C88) system, the value 
of these bits can be set to either a one or zero. 


D3 - LTIM: 

0: The 82C59A will operate in an edge triggered mode. 
An interrupt request on one of the IR lines (IRO - IR7) 
is recognized by a low to high transition on the pin. 
The IR signal must remain high at least until the falling 
edge of the first sINTA pulse. Subsequent interrupts 
on the IR pin(s) will not occur until another low-to- 
high transition occurs. 


1: Sets up the 82C59A to operate in the level triggered 
mode. Interrupts occur when a “high” level is de- 
tected on one or more of the IR pins. The interrupt re- 
quest must be removed from this pin before the EOI 
command is issued by the CPU. Otherwise, the 
82C59A will see the IR line still in a high state, and 
consider this to be another interrupt request. 
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Ao D7 Og Of Og D3 O2 Dy Og ICW3 (SLAVE DEVICE) 


1= 1CW4 NEEDED 
O= NO ICW4 NEEDED 
1= SINGLE 

0 = CASCADE MODE 


CALL ADDRESS INTERVAL 
1= INTERVAL OF 4 
0= INTERVAL OF 8 


1= LEVEL TRIGGERED MODE 
0 = EDGE TRIGGERED MODE 


A7 - As OF INTERRUPT 
VECTOR ADDRESS 
(MCS-80/85 MODE ONLY) 


A15 - Ag OF INTERRUPT. 
VECTOR ADDRESS 
(MCS80/85 MODE) 

17 - T3 OF INTERRUPT 
VECTOR ADDRESS 
(8086/8088 MODE) 


— NON BUFFERED MODE 
~ BUFFERED MODE/SLAVE 


— BUFFERED MODE/MASTER 
ICW3 (MASTER DEVICE) 


Ag 07 Og Of Dg D3 OD2 Dy Dg 

1 = SPECIAL FULLY NESTED 
MODE 

0 = NOT SPECIAL FULLY 

NESTED MODE 


1=1R INPUT HAS A SLAVE 
0 = IR INPUT DOES NOT HAVE 


BoLaNe NOTE: Slave ID is equal to the corresponding master IR input 


82C59A INITIALIZATION COMMAND WORD FORMAT 


INTERRUPT MASK 
1 = MASK SET 
0 = MASK RESET 


READ REGISTER COMMAND 


IR LEVEL TO BE 
ACTED UPON 


1= POLL COMMAND 


0= NO POLL COMMAND 


SPECIAL MASK MODE 
NON-SPECIFIC EO! COMMAND 


+ SPECIFIC EO! COMMAND = END OF INTERRUPT 
ROTATE ON NON-SPECIFIC EO) COMMAND 
ROTATE IN AUTOMATIC EO) MODE (SET) AUTOMATIC ROTATION 
ROTATE IN AUTOMATIC EOI MODE (CLEAR) 

* ROTATE ON SPECIFIC EO) COMMAND 


* SET PRIORITY COMMAND = SPECIFIC ROTATION 
NO OPERATION 


RESET SET 
SPECIAL | SPECIAL 
MASK MASK 


* Lo-L2 ARE USED 


82C59A OPERATION COMMAND WORD FORMAT 
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Cali Address Interval (for 8080/8085 use 
only). If using the 82C59A in an 80C86/88 based 
system, the value of this bit can be either a Oora 1. 


: The address interval generated by the 82C59A is 8 


bytes. This option provides compatiblity with the 
RST interrupt vectoring in 8080/8085 systems 
since the vector locations are 8 bytes apart. This 
vector will be combined with the values specified 
in bits D7 and D6 of ICW1. The addresses 
generated are shown in Table 1. 


TABLE 1. ADDRESS INTERVAL (8 BYTES) 


D2 Di ODO 


IR7 
par} ae | 1 | + | o | o | o | 0 Jims 
farfas[s fol sfo[o|o|ms 
PARA RES Eee 
Aaa ie BC RTE 
Lee Ree ee. 
Fo ec ee 
car Ra Re eee 


: The address interval generated by the interrupt 


controller will be 4 bytes. This provides the user 
with a compact jump table for 8080/8085 systems. 
The interrupt number is effectively multiplied by 
four and combined with bits D7, D6 and D5.to form 
the lower byte of the call instruction generated 
and sent to the 8080 or 8085. Table 2 shows how 
these addresses are generated for the various 
Interrupt request (IR) levels. 


TABLE 2. ADDRESS INTERVAL (4 BYTES) 


IR7 
IR6 
IRS 
IR4 
IR3 
IR2 
IR1 
IRO 


D1 - SNGL: 


Q: 


This tells the 82C59A that more than one 82C59A 
is being used in the system, and it should expect to 
receive ICWS following |CW2. How the particular 
82C59A is being used in the system will be 
determined either through ICW4 for buffered 
mode, or through the SP/EN pin for non-buffered 
mode operation. 
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1: Tells the 82C59A that it is being used alone in the 
system. Therefore, there will be no need to issue 
ICW3 to the device. 


DO - IC4: Specifies to the 82C59A whether or not it 
can expect to receive ICW4. If this device is being 
used in an 80C86/ 80C88 system, ICW4 must be 
issued. 


0: ICW4 will not be issued. Therefore, all of the 
parameters associated with ICW4 will default to 
the zero (0) state. This should only be done when 
using the 82C59A in an 8080 or 8085 based 
system. 


1: I1CW4 will be issued to the 82C59A. 


2.2 ICW2: 


ICW2 is the second control word that must be sent to the 
82C59A. This byte is used in one of two ways by the 
82C59A, depending on whether it is being used in an 
8080/85 or an 80C86/88 based system. 


When used in conjunction with the 8080/85 micro- 
processor, the value given to this register is taken as being 
the high byte of the address in the CALL instruction sent 
to the CPU. 


D7 D6 D5 D4 D3 D2 D1 DO 


FIGURE 5. ICW2 FORMAT 


in an 80C86- or 80C88-based system, I[CW2 is used to 
send the processor an interrupt vector. This vector is 
formed by taking the value of bits D7 through D3 and 
combining them with the interrupt request level to get an 
eight bit number. The processor will multiply this number 
by four and go to that absolute location in memory to find 
a starting address for the interrupt service routine 
corresponding to the interrupt request. 


For example, if we set 1CW2 to “00011000” and an 
interrupt is recognized on IR1, the vector sent to the 
80C86(80C88) will be 00011001 (19H). The processor will 
then look to the memory location 64H to find the starting 
address of the corresponding interrupt service routine. It 
is the responsibility of the software to provide this address 
in the interrupt table. 


D7 D6 DS D4 D3 D2 D1 DO 


FIGURE 6. I[CW2 FORMAT (80C86 MODE) 
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2.3 ICW3: 


ICW3 is only issued when the SNGL bit in |CW1 has been 
set to zero. If not set, the next word written to the 82C59A 
will be interpreted as ICW4 if AO = 1 and 1C4 from ICW4 
was set to one, or it could see it as one of the Operation 
Command Words based upon the state of the AO line. 


Like |CW2, this control word can be interpreted in two 
ways by the 82C59A. However the interpretation of this 
word depends on whether the 82C59A is being used as a 
“master” or a “slave” in the system. The definition of the 
particular devices role in the system is assigned through 
ICW4 (which will be discussed later), or through the state 
of the SP/EN pin (pin 16). 


82C59A as a MASTER: 


If the given 82C59A is being used as a master, the eight (8) 
bits in this command word are used to indicate which of 
the IR lines are being driven by a slave 8B2C59A. 


07 06 DS D4 #b3 op2 ODO DO 
sv | se | ss | so | so] se] si] so 


FIGURE 7. ICW3 FORMAT (MASTER) 


D7 thru DO: 


Q: The corresponding IR line to this bit is not being 
driven by a slave 82CS5Q9A. This line can however 
then be connected to the interrupt output of 
another interrupting device such as a UART. If 
there are unused bits in this byte because not all 
eight of the IR lines are used, set them to zero. 


1: The corresponding IR line to this bit is being 
driven by a slave 82C59A. 


The bits in this command word are directly related to the 
IR lines. For example, to tell the 82C59A that there is a 
slave device connected to IR5 (pin 23), bit D5 of the 
command word should be set to a one (1). 


82C59A as a SLAVE device: 


When the device is being used as a slave device, we must 
use ICW3 to inform itself as to which IR line it will be 
connected to in the master. Therefore, only the three (3) 
least significant bits of ICW3 will be used to specify this 
value. 


D7 D6 DS D4 D3 D2 D1 DO 
ce ERE ES 


FIGURE 8. ICW3 FORMAT (SLAVE) 


These bits are coded as follows: 


TABLE 3. SLAVE ‘IDENTIFICATION’ WITH ICW3 


MASTER IR number. 
IR7 


IR6 


crose-0 dg 


oo"? 00+- Ei 
oh 


oooo0o-A--—_-— 


For example, if the INT output of a “slave” 82C59A is 
connected to the input pin IR5 on the “master” 82C59A, 
ICW3 of the “slave” would be programmed with the value 
00000101b, or 05H. This informs the “slave” as to which 
priority level it holds with the “master”. 


D7 thru D3: These bits must be set to zeros (0) for proper 
operation of the device. 


2.4 ICW4: 


This control register is written to only when the !1C4 bit is 
set in |CW1. The purpose of this command word is to set 
up the 82C59A to operate in a mode other than the default 
mode of operation. The default mode of operation is the 
same as if a value of OOH were to be written to ICW4 (i.e. all 
bits set to zero). 


Ao D7 Og Os Da 03 D2 Dy Dg 


1 = 8086/8088 MODE 
0 = MCS-80/85 MODE 


1 


= AUTO EO) 
O= 


NORMAL EOI 


~ NON BUFFERED MODE 
' = BUFFERED MODE/SLAVE 
| — BUFFERED MODE/MASTER 


1 = SPECIAL FULLY NESTED 
MODE 

0 = NOT SPECIAL FULLY 

NESTED MODE 


NOTE: Slave IO is equal to the corresponding master IR input 


FIGURE 9. ICW4 FORMAT 


D7 thru D5: These bits must be set to zero for proper 
operation. 


D4 - SFNM: This bit is used in the selection of the Special 
Fully Nested Mode (SFNM) of operation. This 
mode should only be used when multiple 82C59As 
are cascaded in a system. It needs only to be 


programmed in the Master 82C59A in the system. 
0: Special Fully Nested Mode is not selected. 


1: Special Fully Nested Mode is selected. 
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D3 - BUF: This bit tells the 82C59A whether or not the 
outputs from the data pins (DO - D7) will be 
buffered. If they are buffered, this bit will cause the 
SP/EN pin to become an output signal that can be 
used to control the “enable” pin on a buffering 
device(s). 


0: The device will be used in a non-buffered mode. 
Therefore, (1) the M/S bit in |\CW4 is a don’t care, 
and (2) the SP/EN pin becomes an input pin telling 
the device if it is being used as a master (pin 16 = 
High) or aslave (pin 16 = Low). Forsystems using a 
single 82C59A, the SP/EN input should be tied 
high. 


1: The device is used in buffered mode. An enable 
output signal will be generated on pin 16, and the 
M/S bit will be used for determining whether the 
particular 82C59A is a “master” or a “slave”. 


D2 - M/S: This bit is of significance only when the BUF bit 
is set (BUF = 1). The purpose of this bit is to 
determine whether the particular 82C59A is being 
used as a “master” or a “slave” in the target 
system. 


0: The 82C5Q9A is being used as a slave. 


1: The 82C59A is the master interrupt controller in 
the system. 


Di - AEOI: This bit is used to tell the 82C59A to 
automatically perform a non-specific End-of-in- 
terrupt on the trailing edge of the last Interrupt 
Acknowledge pulse. Users should note that when 
this is selected, the nested priority interrupt struc- 
ture is lost. 


0: Automatic End-of-Interrupt will not be generated. 


1: Automatic End-of-Interrupt will be generated on 
the trailing edge of the last Interrupt Acknowledge 
pulse. 


DO - uPM: This bit tells the Interrupt Controller which 
microprocessor is being used in the system. An 
8080/8085, or an 80C86/80C88. 


0: The 82C59A will be used in an 8080/8085 based 
system. 


1: 82C59A to be used in the 80C86/88 mode of 
operation. 


3.0 Operation Command Words 


Once the Initialization Command Words, described in the 
previous section, have been written to the 82C59A, the 
device is ready to accept interrupt requests. While the 
82C59A is operating, we have the ability to select various 
options that will put the device in different operating 
modes, by writing Operation Command Words (OCWs) to 
the 82C59A. These OCWs can be sent at any time after the 
device has been initialized and in any order. These words 
can be changed at any time as well. Note: If AO =0 and D4 
of the command word = 1, the 82C59A will begin the |ICW 
initialization sequence. 


There are three different OCWs for the 82C59A. Each has 
a different purpose. The first control word (OCW1) is used 
for masking out interrupt lines that are to be inactive or 
ignored during operation. OCW2 is used to select from 
various priority resolution algorithms in the device. 
Finally, OCW3 is used for (1) controlling the Special Mask 
Mode, and (2) telling the 82C59A which Register will be 
read on the next RD pulse; the ISR (In-service Register) or 
the IRR (Interrupt Request Register). 


3.1 OCW: 


This control word is used to set or clear the masking of the 
eight (8) interrupt lines input to the 82C59A. This control 
word performs this function via the Interrupt Mask 
Register (IMR). In it’s initial state, the value of this register 
is OOH. In other words, all of the interrupt lines are 
enabled. Therefore, we need only write this control word 
when we wish to disable specific interrupt lines. 


A direct mapping occurs between the bits in this control 
word and the actual interrupt pins on the device. For 
example bit 7 (D7) controls interrupt line 1R7 (pin 25), bit6 
controls IR6, and so on. 


Ago 07 Og Of Of 3 D2 Oy Dg 


INTERRUPT MASK 
1 = MASK SET 
0 = MASK RESET 


FIGURE 10. OCW1 FORMAT 


Even though the user can mask off any of the IR lines, any 
interrupt occuring during that time wil! not be lost. The 
request for an interrupt is retained in the IRR; therefore 
when that IR is unmasked by issuing a new mask value to 
OCW1, the interrupt will be generated when it becomes 
the highest requesting priority. 


D7 thru DO: 


0: When any of the bits in the control word are reset 
(0), the corresponding interrupt is enabled. 


1: By setting a bit(s) to a one inthe control word, the 
corresponding interrupt line(s) is disabled. 


For example, if the value 34H (00110100b) were written to 
OCW1, interrupts would be disabled from being serviced 
on lines IR2, IR4 and IRS. 


3.2 OCW2: 


In |CW4 bit D1 was used to specify whether the 82C59A 
should wait for an EOI (End of Interrupt) from the CPU, or 
generate its own EO! (Automatic EOI!) . If bit D1 of ICW4 
had been programmed to be a zero, OC W2 would be used 
for sending the EOI to the 82C59A. Conversely, if this bit 
had been set to a one, OC W2 would be used for specifying 
whether or not the 82C59A should perform a priority 
rotation on the interrupts when the AEOI is detected. 
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OCW2 has several EOI options. The EOI issued can be 
either specific or non-specific. For each of these EOls, the 
user can specify whether or not priority rotation should be 
performed. 3 


D7 D6 DS D4 D3 b2 Di DO 
pr |sfeofo fo} wu) 


FIGURE 11. 


R, SL, and EOI: 


These three bits are used for specifying how the device 


should handle AEOls, or for issuing one of several 
different EOls. They are programmed as shown in the 
following table: 

TABLE 4. ROTATE AND EO! MODES 


EOI! 


Non-specific EOI command 

* Specific EO! command 
Rotate on non-specific EOI command 
Rotate in Automatic EO! mode (set) 
Rotate in Automatic EOI mode (clear) 
Rotate on specific EOI command 

* Set priority command 

* No operation 


*LO - L2 are used 


L2, L1, and LO: | 
These three bits of the control word are used in 
conjunction with the issuance of specific EOls or when 
specifically establishing a different priority structure. The 
bits tell the 82C59A which interrupt level is to be acted 
upon. Therefore, the software needs to know which 
interrupt is being serviced by the 82C59A. 
TABLE 5. INTERRUPT LEVEL TO ACT UPON - 
l2 Li LO | 
IR level 0 
IR level 1 
IR level 2 — 
IR level 3 
IR level 4 
IR level 5 
IR level 6 
IR level 7 


0 
0 
0 
0 
1 
1 
1 
ze 


—~ -t-t ©O CO — = CEO O 


3.3 OCW3: 


There are two main functions that OCWS3 controls: (1) 
Interrupt Status, and (2) Interrupt Masking. Interrupt 


status can be checked by looking at the ISR or IRR 
registers, or by issuing a Poll Command to manually 
identify the highest priority interrupt requesting service. 


D7 D6 D5 D4 D3 D2 _ Ot DO 
[2 [eso TomTo Ts [ [ae [re 
FIGURE 12. 


D7: Must be set to zero for proper operation of the 
82C59A. 


D6 - ESMM: Enable Special Mask Mode - The ESMM bit 
when enabled allows the SMM bit to set or clear 
the Special Mask Mode. When disabied, this bit 
causes the SMM bit to have no effect on the 
B2C59A. 

0: Disables the effect of the SMM bit. 


1: Enable the SMM bit to contro! the Special Mask 
Mode. 


D5 - SMM: Special Mask Mode - The SMM bit is used to 
enable or disable the Special Mask Mode. This bit 
will only affect the 82C59A when the ESMM bit is 
set to 1. 

0: Disable the Special Mask Mode. 


1: Put the 82C59A into the Special Mask Mode. 


D4, D3: These bits are used to differentiate between 


OCW2, OCW3 and ICW1. To properly select 
OCWS3S, D4 must be set to zero and D3 must be set 
to one. 


D2 - P: Poll Command - This bit is used to issue the poll 
command to the 82C59A. The next read of the 
82C59A will cause a poll word to be returned 
which tells if an interrupt is pending, and if so, 
which is the highest requesting level. 


NOTE: The poll command must be issued each time the poll op- 
eration is desired. 


0: No poll command issued to the 82C59A. 
1: Issue the poll command. 


D1 - RR: Read Register - This bit is used to execute the 
“read register” command. When this bit is set, the 
82C59A will look at the RIS bit to determine 
whether the ISR or IRR register is to be read. When 
issuing this command,: the next instruction 
executed by the CPU should be an input from this 
same port to get the contents of the specified 
register. 


0 : No “Read Register” command will be performed. 


1: The next input instruction by the CPU will read 
_ either the contents of the ISR or the IRR as 
specified by the RIS bit. 
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DO - RIS: This bit is used in conjunction with the RR bit to 
select which register is to be read when the “Read 
Register” command is issued. 


0: Thenext input instruction will read the contents of 
the Interrupt Request Register (IRR). 


1: The next input instruction will read the contents of 
the In-Service Register (ISR). 


The two registers that can be accessed through the Read 
Register command are used to determine which 
interrupts are requesting service, and which one(s) are 
currently being serviced. 


The IRR bits get set when corresponding Interrupt 
requests are received. For instance, when IR4 is detected, 
bit D4 of the IRR will get set. When an interrupt 
acknowledge comes back from the CPU, the priority 
resolution logic will determine which interrupt request 
will be serviced. The corresponding bit in the In-service 
Register (SR) will then be set. Clearing of the correct bits 
in the ISR occurs through out use of the AEOI, or by 
issuing an EOI to the device. 


4.0 Addressing the 82C59A 


There are two factors that must be taken into account 
when addressing the 82C59A in a system. To begin with, 
the 82C59A is accessed only when the CS pin (chip 
select) sees an active signal (low). This signal is 
generated using control circuitry inthe system. Secondly, 
the various registers within the 82C59A are selected 


based upon the state of the AO (address pin) as well as 
specific bits in the command words (i.e for |ICW1, OCW2, 
and OCW3 AO must be a zero). 


The circuit in Figure 13 shows that the CS signal is 
generated using an HPL-82C338 Programmable Chip 
Select Decoder (PCSD). This device is being used as a 
3-to-8 decoder. Note that the G1 input is active high and 
G2 thru G5 have been programmed to be active low. The 
A, B, and C inputs to the 82C338 correspond to address 
lines AD2, AD3 and AD4 respectively, from the 80C88. 
The AO input to the 82C59A is also taken from the CPUs 
address bus; ADO is used. It should be noted that address 
line AD1 from the 80C88 is not being used in the 
addressing of this particular peripheral. This is done to 
allow other peripheral devices that require two address 
inputs for internal register selection, to use address lines 
ADO and AD1 from the processor. 


Because the AD1 address line from the 80C88 is not being 
used, the 82C59A will be addressed regardless of whether 
AD1 is high or low (1 or 0). The remainder of the address 
lines from the 80C88 can either be a zero or one when 
addressing the 82C59A. For the examples to be 
presented, it can be assumed that all unused address lines 
will be set to zero when addressing the 82C59A. 


In Figure 13, output Y6 from the HPL-82C338 is being 
used as the CS input to the 82C59A. This line is enabled 
when the inputs on A, B, and C are: A=0, B=1, andC =1. 
Combining this with the AO input to the 82C59A, we get 
the addresses 18H and 19H for accessing the 82C59A. 


80088 DATA BUS 


CONTROL 
BUS 


AD4 AD3 AD2 


80C88 ADDRESS BUS 


82C59A 


vcc 


2KQ 


ADO 


FIGURE 13. ADDRESSING THE 82C59A 
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5.0 Programming the 82C59A 

As described earlier, there are two different types of com- 
mand words that are used for controlling 82C59A operation; 
the Initialization Command Words (ICWs) and the Operation 
Command Words (OCWs). To properly program the 
82C59A, it is essential that the |CWs be written first. When 
writing the |CWs to the B2C59A, they must be written in the 
following sequence: 


(1) Write ICW1 to the 82C59A, AO = 0. 
(2) Write ICW2 to the 82C59A, AO = 1. 


(3) If using cascaded 82C59As in system, write ICWS to the 
82C59A, AO = 1. 


(4)If 1C4 bit was set in ICW1, write ICW4 to the 82C59A. 


NOTE: When using multiple 82C59As in the system (cascaded), 
each one must be initialized following the above sequence. 


Once the 82C59A(s) has been configured through the ICWs, 
the OCWs can be used to select from the various operation 
mode options. These include: masking of interrupt lines, 


80C86 ADDRESS BUS 


selection of priority rotation, issuance of EOls, reading of the 
ISR andsor IRR, etc. These OCWs can be written to the 
82C59A at any time during operation of the 82C59A. The 
various command words are identified by the state of 
selected bits in the words, rather than by the sequence that 
they are written to the 82C59A; as with the ICWs. Therefore, 
it is imperative that the fixed bit values in the command 
words be written as such to insure proper operation of the 
device(s). 


5.1 Example 1: Single 82C59A 


In Example 1, we are using a single 82C59A in a system to 
handle the interrupts caused by an 82C52 Programmable 
UART. The system is driven using an 80C86 Microprocessor. 
The system configuration is shown in Figure 14. 


Interrupts are initiated by the 82C52 anytime it receives data 
on its Serial Data In pin (SDI), or when it is ready to transmit 
more data via its Serial Data Out pin (SDO). 


82C59A 


80C86 DATA BUS 


FIGURE 14. EXAMPLE 1: SINGLE 82C59A 
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5.2 Example 2: Cascaded 82C59As 


Example 2 illustrates how we can use multiple 82C59As in the 82C52 UART. Except for the fact that this system is con- 
Cascade Mode. Figure 15 shows the interconnections figured with a Master-Slave interrupt scheme, it is the same 
between the master and slave interrupt controllers. In this as that in Example 1. 

example, only one interrupt can occur. This is generated by 


INTA 
MASTER 
82C59A SLAVE 82C59A 
ADO ADO 
ADI 
vcc 
AD2 A 
AD3 B Y6 
AD4 c YS 


Yo 
DECODER 


FIGURE 15. EXAMPLE 2: CASCADED 82C59As 
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6.0 Expansion Past 64 Interrupts 

In some instances, it may be desirable to expand the number 
of available interrupts in a system past the maximum of 64 
imposed when using cascaded 82C59As. The easiest way 
to accomplish this is through the use of the Poll command 
with the 82C59A. Figure 16 illustrates one example of how 
this expansion can be accomplished. Notice that we are 
using two 3-to-8 decoders to address up to 16 82C59As. 
Selection of which decoder is active takes place using the 
OE pin driven by AD5 from the CPU’s address bus. 


With this type of interrupt structure, we are not using the INT 
and INTA lines from our processor (80C88 for this example). 
Because of this, no interrupts will break execution of the sys- 
tem software. Therefore, it is the task of the software to poll 


DECODER 
yo 


AD2-AD4 


AD5 


DECODER 


the various 82C59As in the system to see if any interrupts 
are pending. Once it has been established which interrupt 
requires servicing, the software can take appropriate action. 


There are disadvantages to using the poll mode for the sys- 
tems interrupt structure: (1) the overhead of polling each of 
the 82C59As reduces the systems efficiency, and (2) real- 
time interrupt servicing cannot be guaranteed. 


There are several advantages to using the poll mode in this 
manner: (1) there can be more than 64 priority interrupts in 
the system, and (2) memory in the system is freed because 
no interrupt vector table is required. 


82C59A 
are 3 1RO-1R7 
82C59A 
amd — inosns 
82C59A 
and 3 IRO-IR7 
82C59A 
0-IR7 
3 IR 
82C59A 
3 1RO-IR7 


ADO 


FIGURE 16. EXPANDING PAST 64 INTERRUPTS 
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HARRIS 80C286 PERFORMANCE ADVANTAGES 
OVER THE 80386 


Author: Ted Dimbero 


The Harris 80C286, operating at the same frequency as the 
80386, has performance advantages over the 80386 when 
executing 16-bit industry standard 80C86 or 80C286 
code. This is evident in the following areas: 


(1) Input/Output Handling 

(2) Interrupt Handling 

(3) Control Transfer (Loop, Jump, Call) 

(4) 286 Protected Mode Systems 

(5) Multi-Tasking and Task Switching Operations. 


This advantage is due to the 80C286 requirement of fewer 
clock cycles to execute the same instructions. In addition to 
these areas, the 80C286 executes many other instructions 
in the same number of clock cycles as the 80386. 


This results in an 80C286 performance advantage in areas 
including: 


e Multi-Tasking Systems. 


¢ Control Applications — utilizing interrupt and I/O 
instructions. 


e Structured Software — utilizing many Control transfer 
instructions. 


¢ Operating Systems that rely on interrupts to perform 
functions. 


e Upgrading 16-bit 80C86 applications for increased 
performance. 


The 80C286 can be effectively used as a fast 80C86. How- 
ever, the 80386 is not a fast 80C 286. This study shows that 
software written for the 80C86/80C286 can execute more 
efficiently on the 80C286 than on the 80386. There is no 
significant performance advantage to be gained by simply 
moving a system design from an 80C286 to an 80386 at 
either 16MHz or 20MHz. The 80C286 is the processor best 
suited for executing 16-bit 80C86/80C286 code, which 
represents the world’s largest base of microprocessor 
software. 


Architecture Background 


The 80C286 Harris’ newest static CMOS microprocessor 
combines low operating and standby power with high 
performance. The Harris 80C 286 is available in speeds of 
12.5MHz, 16MHz, 2OMHz and 25MHz. 


The 80C286 evolved from the industry standard 80C86 
microprocessor. The 80C286 has vast architectural 
enhancements over its predecessor that allow the 80C286 
to execute the same code with a significant performance 
increase. Disregarding the clock speed increase, when 
upgrading from an 80C86 to an 80C286, the 80C286 can 
execute the same code with an increase in throughput of up 
to 4 times that of the 80C86. This increase is solely due to 
the architectural enhancements. 


It is a common belief that replacing an 80C286 with the 
32-bit 80386 microprocessor will yield similar perform- 
ance increases. This is not the case. The new architecture 
gives the 80386 32-bit capability and increased protection 
features, but it does not significantly increase the through- 
put of 16-bit 8086 or 80286 code. In most cases, when 
executing industry standard 8086 or 80286 code, 
replacing the 80C286 with an 80386 does not result in a 
significant performance increase. In some cases, such a 
replacement will actually cause a performance degradation. 


Figure 1 illustrates a comparison of the number of clock 
cycles needed to execute several instructions available on 
all three microprocessors (80C86, 80C286, and 80386). 
This illustrates the dramatic effect of 80C286 architectural 
enhancements on performance when compared to the 
80C86 and the lack of similar performance improvement 
when executing 8086/80286 code on the 80386. 


With an 80C86 to 80C286 upgrade, system designers 
can execute existing 8086 code on the 80C286 and 
take advantage of an immediate performance upgrade. 
This same benefit is not realized when switching from 
an 80C286 to an 80386. This comparison illustrates 
that changing from an 80C286 to an 80386 does 
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TOTAL (353) 


(125) 


<> 4 
S35 SO 


NUMBER OF CLOCKS TO EXECUTE INSTRUCTIONS 
(SPECIFIED VALUES IN PARENTHESES) 


FIGURE 1. 


not yield increased throughput when executing the same 
industry standard 80C86/80C286 code (the world’s largest 
base of microprocessor software). 


Instruction Comparison 


The Appendix in this document illustrates a direct compari- 
son of the number of clock cycles needed to execute the 
same instructions on the 80C286 and the 80386. The table 
includes examples of instruction timing for all instructions 
available on both processors. Several addressing modes of 
each instruction type are included. 


Of the 190 instruction examples analyzed, 74 of the instruc- 
tions execute faster on the 80C286 than on the 80386; 66 
of the instructions analyzed execute in the same number of 
clock cycles on both processors. This leaves only 50 in- 
structions with improved performance on the 80386 (See 
Figure 2). Over 70% of the instructions analyzed execute as 
fast or faster on the 80C286 than on the 80386. | 


80C286 


OO’ a’ Oe’ eee’ a": 


80C286 
EQUAL TO x2 Netetenet 
80386 R525 ansas 
FASTER THAN 
80C286 


FIGURE 2. EXECUTION SPEED COMPARISON 
(NUMBER OF INSTRUCTIONS) 


Ys, 


~ BEJ MUL [Bx] 


XOR AX, [BP] [Si] 


WB Out Port, AX 
["] NOT [BX+ 10] 
CJ CALL near 


LOOP 


KY INT 3 


4408 


8 
‘ 


CRA 
2999 


AAD 


[]] ADD mem [BX] [DI], AX 


TOTAL (119) 


TOTAL (101) 


0,0, 0,00, 
£5082 


O 
O 
2 


ARCHITECTURAL COMPARISON 


This is vastly different than the previous 86-286 upgrade. 
With that upgrade, the 80C286 exhibits equal or better per- 
formance than the 80C86 with 100% of the instructions. 
This clearly indicates that the 80C286 is the processor best 
suited for executing industry standard 8086 family code. 


The following discussion groups each of the instructions 
into one of several categories to analyze which applications 
will benefit from utilizing the 80C286. The categories used 
are: : 


e Jumps, Calls, Returns and Loops (Real Mode). 


e |/O Instructions. 


Logic, Arithmetic, Data Transfer, Shift and Rotate 
Instructions. 


Interrupts. 


Misceilaneous instructions. 


Protected Mode/Multi-Tasking Instructions. 


Jumps, Calls and Loops 


In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the 
same number of clock cycles to execute on the 80C286 
and the 80386. Since the segment sizes are larger on the 
80386, the near transfer instructions on the 80386 can 
transfer a greater distance. 


The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C286: four clocks and one clock respectivley. The far 
return instruction executes in three less clock cycles on the 
80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
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on the 80C286 and are discussed in the section on 
Protected Mode. 


The loop instruction is three clock cycles faster on the 
80C 286 than the 80386. Thus, the 80C286 would save 300 
clock cycles over the 386 if a LOOP instruction were 
executed 100 times. 


— ADVANTAGE — 
INSTRUCTION 80C286 80386 


Near JMP and CALL fod 
Far CALL, JMP and RET ae 


l/O Instructions 


The 80C286 has a significant advantage with the I/O 
instructions. The IN instruction is almost 2 1/2 times faster 
on the 80C286; the 80386 takes 7 extra clock cycles to ex- 
ecute the same instruction. The OUT instruction is over 3 
times faster on the 80C286; again the 80386 takes 7 extra 
clock cycles to execute the same instruction. Executing the 
1/O instructions on the 80386 is equivalent to executing on 
the 80C286 with 7 wait states. 


The string I/O instructions (INS and OUTS) are also signifi- 
cantly faster on the 80C 286. The INS instruction is 10 clock 
| cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly important if the string 
operations are going to be used to input or output a large 
block of data using the REP prefix. Inputing 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputing 100 words with the REP OUTS 
instruction. In this case, the 80C286 is 800 clock cycles 


faster than the 80386. 


_INSTRUCTION 80C286 


Logic, Arithmetic, Data Transfer, Shift 
and Rotate Instructions 


Most forms of the logic, arithmetic, and data transfer 
instructions execute in the same number of clock cycles on 
both processors. Certain operand combinations of these 
instructions (immediate to register for example) take one 
extra clock cycle to execute on the 80C286. 


In real mode, the segment register transfer instructions 
execute as fast or faster on the 80C286 than they do on the 
80386. For example, using the POP instruction to transfer 
data into a segment register is 2 clock cycles faster on the 
80C286. 


Most of the string manipulation instructions execute in the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 


The divide instruction executes in the same number of clock 
cycles on both processors. The number of clocks to 
execute the multiply instruction on the 80386 is data 
dependent; the number of clocks to execute the same 
instruction on the 80C286 is fixed. On average, the multiply 
instruction is five clock cycles faster on the 80386, but 
depending on the data, the 80386 could be as many as 4 
clock cycles slower than the 80C286. 


The rotate and shift instructions are faster on the 80386. 
Unlike the 80C286, the 80386 rotate and shift instructions 
do not depend on the number of bits to be shifted or rotated. 
Thus, the 80386 has the advantage with multi-bit rotate and 
shift instructions. The 80C286 does, however, execute 
single bit rotate and shift instructions faster. 


— ADVANTAGE — 
INSTRUCTION 80C286 80386 
Most Logic and Arithmetic 


Certain Operand 
Combinations of Logic 
and Arithmetic 


Interrupt Instructions 


Interrupts are serviced more quickly on the 80C286. The 
INT instruction, in real mode, executes 14 cycles faster on 
the 80C286 than it does on the 80386. The INTO, BOUND, 
and other instructions that can cause an interrupt all benefit 
from the faster interrupt handling features of the 80C286. 
The return from interrupt instruction (IRET) is 7 clock cycles 
faster on the 80C286. The PUSHA and POPA instructions, 
frequently used by interrupt handling procedures, are both 
faster on the 80C286. Protected Mode interrupt handling is 
discussed in the Protected Mode section. 


— ADVANTAGE — 
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Miscellaneous Instructions 


The BCD instructions, HLT, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWD instruction all 
execute in the same number of cycles on both processors. 


The ENTER, LEAVE, and BOUND instructions are from 1 to. 


3 cycles faster on the 80386. The BOUND instruction is 
only faster if an interrupt is not caused by the instruction. 


— ADVANTAGE — 
80C286 | NONE | 80386 


INSTRUCTION 


Data Conversion 
(CBW, CWD) 


X 


Protected Mode/Multi-Tasking 


When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386. Task switching oper- 
ations execute 100 to 113 clock cycles faster on the 
80C286. The instruction to return from a called task is 63 
clock cycles faster on the 80C286. This results in a very 
significant performance increase for systems utilizing the 
multi-tasking features. 


inter-segment JMP, CALL and segment loading instruc- 
tions also operate faster on the 80C286. The 80C286 saves 
anywhere from 4 to 11 clock cycles depending. on the 
particular inter-segment transfer instruction. In protected 
mode, the inter-segment return is also faster on the 
80C286. The 80C286 is 7 clock cycles faster when execut- 
ing an inter-segment return to the same privilege level and 
is 13 cycles faster on inter—segment returns to a different 
privilege level. 


The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C286. The 
instruction to switch the processor to protected mode 
(LMSW) is 7 cycles faster on the 80C286. 


Most of the 80286 protected mode access checking 
instructions operate as fast or faster on the 80C286 than on 
the 80386. The LAR instruction is one clock cycle faster on 
the 80C286 and the LSL instruction is 5 clock cycles faster. 
The VERW instruction executes in the same speed on both 
processors and the VERR is 5 cycles faster on the 80386. 
The ARPL instruction used in protected mode procedures 
for pointer validation is 10 clock cycles faster on the 
80C286. 


— ADVANTAGE — 
INSTRUCTION 80C286 | NONE 80386 
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Access Checking 
Instructions 


Subroutine Analysis 


This section lists several subroutines and then compares 
the number of clock cycles each subroutine will take to exe- 
cute on the 80C286 and on the 80386. 


EXAMPLE 1 


This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output. The routine first checks the status of the UART to 
determine if it is busy. If it is busy, the routine loops until the 
UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock clycle analy- 
sis for the OUT__CHAR routine. 


This sample procedure executes about 25% faster on the 
80C286 than on the 386. The advantage is realized through 
the 80C286’s faster interrupt handling and faster I/O 
instructions. 


80C286 80386 
CLOCK CYCLES CLOCK CYCLES OUT__CHARACTER PROC NEAR 


CK__STATUS: 


PUSHF 

PUSH AX 

IN AL, PORT__STATUS 
CMP AL, BUSY 

JE CK_.STATUS 

POP AX 

OUT OUT__PORT, AL 
POPF . 
IRET 


INT x 


; save Callers flags. 

; save data to be output. 
; Input UART status. — 

; Check If UART Busy 

; If busy go check again. 
; If not busy restore AX 

; and output data. 

; Restore Flags — 

; Return. 


: Instruction to initiate OUTCHAR 
; Interrupt. 


Total cycles if UART not busy. 
Number of cycles added for each loop while UART is busy. 


EXAMPLE 1 
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EXAMPLE 2 


The second example outputs an entire string of characters 
using the previous interrupt routine (denoted by “INT x” in 
the code below). The DS:S! registers point to the beginning 


of the string to be output. The string is variable in length and 
must be terminated with the “$‘” character. 


80C286 80386 
CLOCK CYCLES CLOCK CYCLES OUT__STRING PROC FAR 


17 

5 

3 
3/7 3/7 
73 104 


7 7 
19 24 
15 18 


13 17 


79+91/char 91+121/char 


PUSHA 
LODSB 
CMP AL, “$” 
JE done 

INT x 


; save caller’s registers. 

; Load first char to be output. 

; Check to see if End of string. 

; If end then goto DONE. 

; If not end output character. 
JMP next ; Go get next char to output. 
POPA ; Restore Registers when done. 
RET ; Far Return. 


Call OUT__STRING ; Far Call to initiate 


> OUT__STRING procedure. 


Total number of clocks to start and end routine. 


+Number of additional clocks to output each character in the output string 


To output a string of 20 characters, the 80C286 would take 
1,899 clock cycles; using the same routine, the 80386 
would take 2,511 cycles. Each time a string of 20 charac- 
ters is output, the 80C286 will save 612 clock cycles; an 


EXAMPLE 3 


This example adds all the values of a source array in 
memory to the values of a destination array in memory. The 
result is stored in the destination array. Both arrays are 
assumed to be in the current data segment. The count 


17 18 
2 2 
5 4 
5 4 
5 4 
2 2 
5 5 NEXT: 
7 7 
3 2 

8/4 11 

19 24 


3 2 
3 2 
7 7 


84+(23*CX)—4 84+(25*CX) 


Both processors take the same number of clock cycles for 
initialization before the call and closing up after the call (84). 
The loop that does the adding is faster on the 80C286. To 
add two 100 word arrays, the 80C286 would take 2,380 


80C286 80386 
CLOCK CYCLES CLOCK CYCLES ADD__ARRAY PROC NEAR 


; Following is the code necessary to set up and call the above procedure. 


Total number of clocks to start and end routine. 
+Number of additional clocks for each item in array to be added. 


80C286 performance increase of almost 25%. The advan- 
tage is realized through the 80C286’s faster interrupt handl- 
ing, faster 1/O instructions, faster FAR transfer instructions 
and faster register saving and restoring instructions. 


(number of words in the array), offset of source array, and 
offset of destination array are all assumed to be placed on 
the stack (in that order) by the calling program. The source 
code for the procedure is listed below: 


PUSHA 
MOV BP, SP 
MOV CX, [bp+22] 


; Save caller's registers. 

; Point BP to current stack 

; Load array size from stack 
; into CX. 

; Load offset of source array 
; from stack into SI. 

; Load offset of destination 

; array from stack into DI. 


MOV SI, (bp+20] 


MOV DI, [bp+1 8} 


CLD ; Clear Direction Flag. 

LODSW ; Load the source word into AX. 

ADD [DI], AX ; Add source to destination. 

ADD Di, 02 ; Point DI to next data. 

LOOP NEXT ; Continue to ADD all elements 
; in the two arrays. 

POPA ; Restore Registers 

RET 6 ; Near return. 


PUSH count - Put count parameter on stack 


PUSH offset S_ARRAY ; Put offset of source array 
; on stack. 

PUSH offset D_ ARRAY ; Put offset of destination 
; array on stack. 

CALL ADD__ARRAY ; Near Call to initiate 
; ADD__ARRAY procedure. 


clock cycles; the 80386 takes 2,584 (an additional 204 
clocks) to execute the same routine. In this example, the 
LOOP instruction gives the 80C286 the performance 
advantage over the 80386. 


7-33 


APPLICATION 


NOTES 


Application Note 111 


EXAMPLE 4 


This procedure is an example of an operating system 
procedure developed for a protected mode multi-privilege 
level system. The procedure INIT_SEGMENT is passed a 
segment selector on the stack and will load that entire 
segment with zero’s. The procedure is designed to execute 

at privilege level zero with a call gate at privilege level 3; this 


80C286 80386 
CLOCK CYCLES CLOCK CYCLES 


PUSHA — 

PUSH ES 

MOV BP, SP 
MOV AX, [BP+22] 


MOV BX, [BP+20] 


ARPL AX, BX 


VERW AX 
JNE ERROR 
MOV ES, AX 


LSL CX, AX 
XOR DI, DI 
XOR AX, AX 
CLD 

REP STOSB 
CLC 


POP ES 
POPA 
RET 2 
STC 


ERROR: 


allows procedures executing at any level to utilize the 
INIT_SEGMENT procedure. INIT_SEGMENT provides 
protection checks to ensure that the procedure passing the 
parameter has valid access to the segment that it is trying to 
initialize. This prevents a procedure at privilege level three 
from initializing a segment at privilege level zero. 


INIT_SEGMENT PROC FAR WC=1 


; save caller’s registers. 

; save ES register. 

; Point BP to top of stack. 

; Load AX with segment selector 
; passed as parameter on stack. 
; Load BX with return CS to 

; determine caller’s CPL. 

; Adjust the Privilege level of 

; the segment selector according 
; to the caller's CPL. 

; Test for valid write access 

; If no valid access goto error. 

; LOAD ES with segment to be 

; initialized. 

; Load segment size into CX. 

; Load zero into DI. 

; Load zero into AX. 

; Clear decrement flag. 

; Init entire segment to 00. 

; Clear carry to indicate segment 
; initialized with no errors. 

; Restore ES register. 

; Restore Register 

; Ret FAR to different privilege 

; SET carry to indicate error. 


JMP DONE 
; Code to push selector on stack and initiate INIT SEGMENT via call gate. 


PUSH DATA_SELECTOR 
CALL INIT_SEGMENT__GATE 


253 
283+(3*S) 


283 
321+(5*S) 
in bytes. 


This example shows that when executing instructions used 
for privilege verification and privilege level transitions the 
80C286 is faster than the 80386. Without taking the LODS 
instruction into account, the 80C286 is 38 clock cycles 


: Place Selector on stack. 
: Instruction to initiate 
> INIT SEGMENT procedure. 


Total clocks if ERROR because segment not accessible. 
Total number of clocks if segment is initialized to zeros. “S” represents size of segment 


faster when executing the same procedure. With the LODS 
instruction, and assuming a segment size of 100 bytes, the 
80C286 would execute this routine 238 clock cycles faster 
than the 80386. 
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EXAMPLE 5 


This Procedure is a task dispatcher that is invoked via an 
interrupt to cause a task switch to occur. This procedure 
utilizes a circular linked list of the tasks that need to be 
executed. A pointer called “CURRENT__TASK” points to 
the data structure for the current task being executed. The 
data structure contains the TSS for the task it is describing 
and a NEXT field that points to the data structure of the next 
task in the list to be executed. When the Task Dispatcher is 
invoked it switches the current pointer to the next task in the 


TSS1_ SEL 
NEXT_ PTR 


CURRENT_ TASK —> 


80C286 
CLOCK CYCLES 


START: 


MOV CURRENT TASK, BX 


JMP DWORD PTR [BX-2]} 


JMP START 


The advantage of the 80C286 in this case is in the faster 


task switch instruction. The task switch instruction is 101 
clock cycles faster on the 80C286 than on the 80386. This 


list and then invokes the new task by jumping to the TSS for 
that task. The data structure for the linked list is illustrated 
below. 


The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following is a listing for the simple task 
dispatcher. 


TSS3_ SEL 
NEXT_PTR 


TSS2_. SEL 
NEXT_ PTR 


80386 
CLOCK CYCLES TASK__DISPATCH PROC FAR 


MOV BX, CURRENT TASK + 2 


: Load BX with contents of next 


; field of current TASK. BX will 

; contain the address of the data 

; structure for next task to run. 

; Update Current Task to point to 

; new task to be executed. 

; Start new task by jumping to TSS 
; for new task. 

; JUMP to start for next time the 

; TASK dispatcher is invoked. 


performance increase makes the 80C286 the clear choice 
for muti-tasking applications. 
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Appendix 


This appendix contains a table directly comparing the num- 
ber of clock cycles necessary to execute all the instructions 
available on both the 80C286 and the 80386. The table 
includes several addressing modes of each instruction. 


| The table has five columns. The first column list the instruc- 
tion being compared. The second column lists the number 
of clock cycles that the 80C286 needs to execute that 
instruction. The third column lists the number of clock 
cycles needed by the 80386 to execute the same instruc- 


NUMBER 
CLOCKS TO 
EXECUTE 
ON 80C286 


80C286 INSTRUCTION 


ADC reg, reg 

ADC mem, reg 

ADC reg, immed 

ADC mem, immed 

ADD reg, reg 

ADD mem, reg 

ADD reg, immed 

ADD mem, immed 

AND reg, reg 

AND mem, reg 

AND reg , immed 

AND mem, immed 

ARPL reg, reg 

ARPL mem, reg 

BOUND (no interrupt) 

CALL immed (near) 

CALL immed (far real mode) 
CALL immed (far PVAM) 

CALL gate (same privilege PVAM) 
CALL gate (different privilege PVAM) 
CALL TSS (Task Switch PVAM) 
CALL task__gate (Task Switch PVAM) 
CBW 

CLC 

CLD 

CLI 

CLTS 

CMC 

CMP reg, reg 

CMP mem, reg 

CMP reg, immed 

CMP mem, immed 

CMPS 

CwWD 


— 
DODWANNNWANYNNE 


tion. The fourth column divides the number of cycles 
needed by the 80386 by the number of cycles needed by 
the 80C286. If this figure is greater than one, (see fifth 
column) then the 80C286 is faster than the 80386. For 
example, a 2.0 would indicate the 80C286 executes the 
same instruction twice as fast as the 80386. A 1.0 indicates 
that both processors execute the instruction in the same 
number of cycles. A number less than one indicates the 
80386 is faster than the 80C286. 


80C286 
FASTER 
THAN OR 
EQUAL TO 
80386 


NUMBER 
CLOCKS TO 
EXECUTE 
ON 80386 


80386/ 
80C286 


ah = ah 


NONDNONONDNNONDN WOO A WO 
ONNON NON DNONDYONDNONNAN O A 


SNANNANS SN SNSRRSN OSS ONS ONS SN ONIN 


—hk 
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Appendix (Continued) 


80C286 

NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386/ EQUAL TO 


80C286 INSTRUCTION ON 80C286 ON 80386 80C286 80386 


DAA 
DAS 
DEC reg 

DEC mem 

DIV word, reg 

DIV word, mem 

ENTER immed1, immed2 (immed 2 = 6) 
HLT 

IDIV word, reg 

IMUL word, mem 

IN 

INC reg 

INC mem 

INS 

INT 3 (real mode) 

INT immed (real mode) 

INT immed (PVAM same privilege) 

INT immed (PVAM different privilege) 

INT TASK__GATE (PVAM Task Switch) 
INTO (No Jump) 

INTO (Yes Jump real mode) 

IRET (real mode) 

IRET (PVAM same privilege) 

IRET (PVAM different privilege) 

IRET (PVAM task switch) 

Jcond label (No jump) 

Jcond label (Yes jump) 

JMP near__label 

JMP Far__label (real mode) 

JMP FAR__LABEL (PVAM) 

JMP CALL__GATE (PVAM same privilege) 
JMP TASK__GATE (PVAM task switch) 
JMP TSS (PVAM task switch) 

LAHF 

LAR reg 

LAR mem 

LDS (real mode) 
LDS (PVAM) 
LEA 

LEAVE 

LGDT 

LIDT 

LLDOT reg 

LLDT mem 
LMSW reg 
LMSW mem 
LODS 

LOOP (Jump) 
LOOP (No Jump) 


NOTES 


VAN NSNSSN SNAG AN SSN NNN NS UNS. ONS ONS ONIN 
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Appendix (Continued) 


80C286 


NUMBER NUMBER FASTER 

CLOCKSTO | CLOCKSTO THAN OR 

EXECUTE EXECUTE 80386/ EQUAL TO 
80386 


80C286 INSTRUCTION . ON 80C286 ON 80386 80C286 


LSL reg 
LSL mem 

LTR reg 

LTR mem 

MOV reg, reg 

MOV mem, reg 

MOV reg, immed 

MOV mem, immed 

MOV seg__reg, reg (real mode) 
MOV seg__reg, mem (real mode) 
MOV seg__reg, reg (PVAM) 
MOV seg__reg, mem (PVAM) 
MOVS 

MUL reg 

NEG reg 

NEG mem 

NOP 

NOT reg 

NOT mem 

OR reg, reg 

OR mem, reg 

OR reg, immed 

OR mem, immed 

OUT 

OUTS 

POP reg 

POP mem 

POP seg__reg (real mode) 
POP seg__reg (PVAM) 

POPA 

POPF 

PUSH reg 

PUSH mem 

PUSH seg__reg 

PUSHA 

PUSHF 

RCR or RCL reg, 1 

RCR or RCL mem, 1 

RCR or RCL reg, cl (cl = 4) 
RCR or RCL men, cl (cl = 4) 
RCR or RCL reg, 4 

RCR or RCL mem, 4 

ROR or ROL reg, 1 

ROR or ROL men, 1 

ROR or ROL reg, cl (cl = 4) 
ROR or ROL men, cl (cl = 4) 
ROR or ROL reg, 4 
ROR or ROL mem, 4 


awh eh 
Yan oon NNN N 


S. NN NNN SNKRN NR NAV, 


nN 
— otk 


NO 


od, 
NON ON DODOQODOQOOAORANANDAHRHAHIANAAARONNADAN DN W O 


NO 


—_hk 


oh 
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Appendix (Continued) 


80C286 


NUMBER NUMBER FASTER 
CLOCKSTO | CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386/ EQUAL TO 


80C286 INSTRUCTION ON 80C286 ON 80386 80C286 80386 


REP INS (cx = 100) 
REP MOVS (cx = 100) 
REP OUTS (cx = 100) 
REP STOS (cx = 100) 
REP CMPS (cx = 100) 
REPE CMPS (N = 100) 
REPE SCAS (N = 100) 
RET (near) 


—_ 
—h 


WN NGS AN OSORNO 


RET (far real mode) 15 
RET (far PVAM same privilege) 25 
RET (far PVAM different privilege) 55 
SAHF 2 
SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 2 
SHIFT mem, 1 7 
SHIFT reg, cl (cl = 4) ) 
SHIFT mem, cl (cl = 4) 12 
SHIFT reg, 4 9 
SHIFT mem, 4 12 


SBB reg, reg 

SBB mem, reg 
SBB reg, immed 
SBB mem, immed 
SCAS 

SGDT 

SIDT 

SLDT reg 

SLDT mem 

SMSW reg 

SMSW mem 

STS 

STD 

ST! 

STOS 

STR reg 

STR mem 

SUB reg, reg 

SUB mem, reg 
SUB reg, immed 
SUB mem, immed 
TEST reg, reg 
TEST mem, reg 
TEST reg, immed 
TEST mem, immed 
VERR reg 

VERR mem 

VERW reg 
VERW reg 


KA 


—t ob 


MDWODNNWANNWANWANNNANANN |A NN OND 


nN 
NWODAPOANDDNODNNNNOONNNDNN WAN WN WO WO 


NO 


NOTES 
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Appendix (Continued) 


80C286 
NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386/ EQUAL TO 
80C286 INSTRUCTION ON 80C286 ON 80386 80C286 80386 


WAIT 

XCHG reg, reg 
XCHG reg, mem 
XLAT 

XOR reg, reg 
XOR mem, reg 
XOR reg, immed 
XOR mem, immed 


NOnN DN OOO W 
NN O®O WM OT O10 OD | 


TOTAL number clocks to execute all instructions 
AVERAGE 


on 
re) 
~I 
oo 


Number of Instructions faster on 80C286 
Number of Instructions equal on both processors 
Number of Instructions faster on 80386 


Total Number of instructions analyzed 
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80C286/80386 HARDWARE COMPARISON 


Author: Ted Schaufelberger 


The Harris 80C286 static CMOS microprocessor, available 
with maximum operating frequencies of 16-MHz and 20- 
MHz, offers both performance and design advantages over 
the 80386 when operating at the same frequency. When 
both the 80C286 and 80386 are operated on a 16-bit data 
bus, which fully supports industry standard 8086/80286 
code, the 80C286 has better performance, and is signifi- 
cantly simpler to design with than the 80386. The 80C286 
also uses significantly lower power than the 80386, leading 
to less expensive, more reliable overall system design (see 
Figure 1). 


ICC (mA) 550mA 
saa > The 80386 requires five additional control lines to be 
500 generated by external logic in order to implement a 16- 
es bit data bus (Ref. section on Control Signals 
Required to Implement a 16-Bit Data Bus). 
se > The 80386 does not support a fully pipelined mode of 
350 operation. Some pipelining can be achieved, but to 
00 accomplish this, external bus ‘monitor’ logic must be 
Re added to the system (Ref. section on Pipelined Opera- 
250 KS tion on a 16-Bit Data Bus). 
ve, 
200 nee > The 80386’s pipelining is disrupted by idle bus cycles. 
150 K A non-pipelined bus cycle, usually with an additional 
% wait state, must be executed before the 80386 can 
100 Re return to pipelined mode. Idle bus cycles occur an aver- 
a age of 9% of the time (Ref. section on Idle Cycles). 5 
re) > The 80386 instruction prefetch takes two bus cycles to = i 
execute, which can cause performance degradation by Oo 5 
forcing the Execution Unit of the processor to wait a full ~ = 
bus cycle for use of the bus in order to complete an O- 


FIGURE 1. 80C286/80386 POWER CONSUMPTION 
COMPARISON 


The following comparison highlights some of the perform- 
ance advantages that exist on the 80C286: 

Summary of 16-Bit Data Bus 
Performance 


¢ 80C286 


>» The 80C286 already has all necessary control lines 
needed to implement a 16-bit data bus (Ref. section on 
Control Signals Required to Implement a 16-Bit Data 
Bus). 


> The 80C286 supports a fully pipelined mode of opera- 
tion for maximum system performance (Ref. section on 
Pipelined Operation on a 16-Bit Data Bus). 


> The 80C286 remains in a pipelined mode of operation 
even when idle bus cycles occur (Ref. section on Idle 
Cycles). 


> The 80C286 instruction prefetch takes one bus cycle to 
execute, thereby minimizing the time that the processor 
Execution Unit must wait should it need the bus (Ref. 
section on Instruction Prefetching a 16-Bit Data Bus). 


© 80386 


instruction (Ref. section on Instruction Prefetching on a 
16-Bit Data Bus). 


16-Bit Data Bus Operation 


This section will discuss the control signals required to im- 
plement a 16-bit data bus, as well as pipelined operation, 
idle cycles, and instruction prefetching on a 16-bit bus. 


Control Signals Required to Implement a 
16-Bit Data Bus 


The 80C286 microprocessor has all the control lines 
needed to implement a 16-bit data bus resident on chip, no 
further control Jines are required. 
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_ Bese | seze | Bere | pect | At | BHE# | BLE+ (A0) | _COMMENTS 
H* : 


H* H* H* X-No Active Bytes 


7 x< 


X-Not Contiguous Bytes 


X-Not Contiguous Bytes 
X-Not Contiguous Bytes 
X-Not Contiguous Bytes 


X-Not Contiguous Bytes 


Mm mc«CM EK Ke eMe oer cK eee e x 
meee MxM Me eM Oe OE 
muoxeox «MK OK er 


BLE# Asserted When DO-D7 of 16-Bit Bus is Active. 
BHE# Asserted When D8-D15 of 16-Bit Bus is Active. 
A1 Low For All Even Words; A1 High For All Odd Words. 


X = Don't Care 
H = High Voltage Level 
L. = Low Voltage Level 
* = A Non-Occurring Pattern of Byte Enables; Either None are Asserted, or the Pattern has Byte Enables Asserted 
for Non-Contiguous Bytes 


FIGURE 2. A1, BLE#, AND BHE# SIGNAL GENERATION TABLE 


in order to implement a 16-bit data bus with the 80386 BEO# 
microprocessor, it is necessary to create at least the follow- L 

ing five additional contro! signals: Address Line 1 (A1), Bus 
Low Enable (BLE#), Bus High Enable (BHE#), Bus Size 
16-Bits (BS16#), and Next Address (NA#). 


The first of these signals, A1, is an additional address line 
required to convert the granularity of the 80386’s address 
space from double-word size entities (32-bit) to word size 
entities (16-bit). The second two signals, BLE# and BHE#, 
primarily serve as chip selects which enable the appropriate 
byte or bytes onto the 16-bit data bus. These three signals 
are generated from the four 80386 byte enables (BEO#- 
BE3#) as shown in Figure 2. The logic to implement these 
signals is shown in Figure 3. 


# 
BEO [~ f AI 
BE1# 


BE2# 


K - MAP FOR A1 SIGNAL 


BE1# 
BES # 


BE2Q# 


In addition to these three control signals generated from 
80386 signals as outputs, two input control signals to the 
80386 must be generated by external logic (BS16# and 
NA#). 


BS16# is used to inform the 80386, on a cycle-by-cycle 
basis, that a 16-bit bus size is to be used for data transfer. 
NA# is used to request that the 80386 put the next cycle 
address on the bus early, thereby pipelining that cycle. 


K - MAP FOR 16 - BIT BHE# SIGNAL 


BE2# 


The 80386, therefore, requires five additional control lines, 
three outputs and two inputs, in order to implement a 16-bit 
data bus. The generation of these control lines, in turn, re- 
quires additional ‘glue’ logic (which also introduces addi- 
tional signal propagation delay, thereby reducing address 
access time available to the system), and finally, there is ad- 
ditional bus cycle ‘monitor’ logic necessary if the 16-bit | 
data bus is to be pipelined for higher performance. FIGURE 3. A1, BLE#, AND BHE# LOGIC 


K - MAP FOR 16 - BIT BLE# SIGNAL 
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Pipelined Operation on a 16-Bit Data Bus 


At a given clock frequency, pipelined address operation in- 
creases a system’s performance, while simultaneously allow- 
ing relatively slower memories and I/O devices to be used. 
Pipelined address operation provides the system increased 
address access time, and increased address decoding time. 


The 80C286 is optimized for, and directly supports, fully 
pipelined bus operations on a 16-bit data bus. In other 
words, the 80C286 performs all bus operations in a fully 
pipelined mode. 


The 80386 does not support fully pipelined operation on a 
16- bit data bus. In order to pipeline a bus cycle on the 
80386, the Next Address (NA#) signal must be asserted to 
the processor. If the Next Address (NA#) signal and the Bus 
Size 16-Bit (BS16#) signal are both asserted in the same 
bus cycle, the NA# signal will not be recognized. Since, the 
BS16# signal must be asserted to the 80386 for many 
patterns of 16-bit and 8-bit transfers to take place correctly, 
the pipelining of transfers over a 16-bit bus is limited. 


To allow pipelining of 16-bit data, external logic must be im- 
plemented to monitor the type of bus cycle taking place, de- 
cide if the cycle can be pipelined, and, if so, negate the 
BS16# signal to the 80386 and assert the NA# signal. Pipe- 
lining is possible only if the bus cycle is one of the following 
three types: 


(1) A read operand cycle using only the lower half of the 
data bus 


(2) A write operand cycle using only the lower half of the 
data bus 


_(8) A write operand cycle using only the upper half of the 
data bus 


The 80386 will not allow 16-bit pipelining of read or write cy- 
cles that have byte alignments that do not conform to one of 
the previously mentioned three types. 


The 80C286, then, fully supports address pipelining, yielding 
the highest possible, system performance, while using rela- 
tively lower performance (and therefore cheaper) memories 
and peripherals. The 80386, however, does not support fully 
pipelined 16-bit bus operation, and, to support even partial 
pipelining, requires external bus ‘monitor’ logic. 


idie Cycles 


Another factor to consider when evaluating 80C286 and 
80386 performance is the effect of idle cycles on pipelined 
operation. Calculations have shown that, on average, bus idle 
cycles occur in the system approximately 9% of the time. The 
effect of idle cycles on pipelining is quite different on the 
80C286 than on the 80386. 


The 80C286 pipelined operation is not affected by idle cy- 
cles. When an idle cycle or cycles occur in a stream of pipe- 
lined bus cycles, the 80C286 returns to pipelining bus cycles 
immediately after the last idle cycle. In this way, each device 
on the bus (e.g. memory, peripheral) maintains a fixed timing 
associated with that device, and therefore always uses the 
minimum number of wait states required for that device. 


On the other hand, the 80386 pipelined operation is 
disrupted by idle cycles. With the 80386, an idle cycle or 
cycles occurring in a pipelined stream of bus cycles breaks 
the pipelining operation. Once an idle cycle has occurred, a 
non-pipelined bus cycle must always be executed prior to 
resuming pipelining. Since a non-pipelined bus cycle will 
have different timing than a pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional external logic to differentiate between a pipelined 
bus cycle access, and a non-pipelined bus cycle access, 
even to the same device with the same address. 


From the preceding, it can be seen that when executing 16- 
bit code, the 80C286 has a 9% performance increase 
over the 80386, due to the manner in which each pro- 
cessor handles idle cycles alone. Note, that with the 
80386, a pipelined stream of bus cycles will always be dis- 
rupted when an idle cycle occurs, whether using a 16-bit 
data bus or a 32-bit data bus. In either case, a non-pipelined 
bus cycle must be executed prior to resuming pipelined oper- 
ation. 


Instruction Prefetching on a 16-Bit Data Bus 


One final factor needs to be considered in the evaluation of 
80C286 and 80386 performance on a 16-bit data bus; the 
effect that prefetching instructions has on instruction execu- 
tion time. Prefetching of instructions is done by the processor 
Bus Unit on both the 80C286 and 80386. The prefetch is 
done when the bus would otherwise be idle for the upcoming 
cycle, and the prefetch queue is not full. . 


The 80C286 does word size (16-bit) prefetching of instruc- 
tions, and therefore completes it’s prefetch activities in one 
bus cycle. This minimizes the waiting period to gain access to 
the bus by other processor entities, such as the Execution 
Unit. 


The 80386 does doubleword (32-bit) prefetching of instruc- 
tions, even on a 16-bit bus. This means that once a prefetch 
has begun execution, two bus cycles are required to com- 
plete the prefetch. If, for instance, the processor’s Execution 
Unit requires the bus for a data fetch or write in order to com- 
plete an executing instruction, it must wait for the two bus cy- 
cles of the prefetch to complete before it can access the bus. 
This can substantially degrade instruction execution time. 
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32-Bit Data Bus Operation 


This section discusses operating the 80386 on a 32-bit bus 
in order to overcome some of the handicaps it suffers on a 
16-bit bus. In addition, several advantages and dis- 
advantages associated with the 80386 on a 32-bit bus are 
considered. 


Hardware Advantages of the 80386 on a 32-Bit Data 
Bus 


There are several advantages to operating the 80386 on a 
32-bit data bus as opposed to a 16-bit data bus. Some of the 
control lines that were required for a 16-bit data bus are elim- 
inated (A1, BLE#, BHE#, and BS16#). It is possible to come 
closer to a fully pipelined mode of operation, although idle 
cycles will still disrupt the pipelining 9% of the time. Finally, 
prefetching on a 32-bit bus executes in one bus cycle 
instead of two. Offsetting these advantages, however are 
several major disadvantages. 


Hardware Disadvantages of the 80386 on a 32-bit Data 
Bus 


When using a full 32-bit data bus, the chip complexity of a 
80386 based system is increased over a 16-bit system. 
Twice as many transceivers (four instead of two) are required. 


In addition, in order to accommodate the additional 16 data 
lines of the 32-bit bus, twice as many memory devices are 
typically required with the 32-bit system as compared to a 
16-bit system. This amounts to an increase in DRAM, alone, 
of from 18 devices in a typical 16-bit system to 36 devices in 
a typical 32-bit system. 


The 16 additional data lines of the 32-bit bus increase the 
EMI problems inherent in the system. The additional coupling 
and crosstalk between data lines must be taken into consid- 
eration when laying out the system PC board. 


There is a significant increase in the amount of board space 
used as a result of the additional chips required to implement 
a 32-bit bus, as well as the 16 additional data lines. This re- 
sults in a lazger, more complex (and more expensive) PC 
board than with a 16-bit system, often requiring an increase 
in the number of board layers. 
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INTERFACING THE 80C286-16 WITH THE 80287-10 


Author: Ted Schaufelberger 


An important requirement in many systems is the ability to 
off-load numeric data processing. In an 80C286 system, 
this can be accomplished with an 80287 numeric co-pro- 
cessor. However, as processor speeds increase, it may 
become necessary to interface a high speed 80C286 
processor with a lower speed 80287. This Document will 
briefly describe the interface between a 16MHz 80C286 
(80C 286-16) and a 10MHz 80287 (80287-10). 


Interfacing the 80C 286 with an 80287 can be broken down 
into three main areas: 


(1) Bus control lines and data lines which coordinate and 
implement the flow of data between the two processors 
(i.e. the data lines, chip select lines, and read/write 
lines). 


(2) The clock line(s), which drive the two processors. 


(3) The four status lines through which the 80C286 and 
80287 directly communicate status information to one 
another - comprised of the BUSY, ERROR, Peripheral 
Request (PEREQ), and Peripheral Acknowledge 
(PEACK) lines. 


Bus Control Lines 


The various bus control and data lines in most systems 
would be coordinated by either a bus controller (such as the 
82C288), or a bus controller subsection of an 80C286 
oriented chip set. All requisite bus control timing between a 
16MHz 80C286, and a 10MHz 80287 would then be han- 
dled by these devices (typically with one wait-state 
inserted to allow for the slower 80287 -10). 


U1 74AC04 


(FROM 820284 OR RESET 
EQUIVALENT) 


PEACK 
(FROM 80C286) 
(32MHz SYSTEM 286__CLK 
CLOCK) 


Clock Lines 


A system using a 16MHz 80C286 with a 10MHz 80287 re- 
quires separate clock lines for the two processors. The 
32MHz system clock used by the 80C286-16 is too fast for 
the 80287 + 10, necessitating a dedicated clock driver for 
the 80287. This clock driver should supply a 1OMHz clock 
to the 80287 with a 1/3 duty cycle to allow the 80287-10 to 
run at it’s full 1OMHz capability. One solution for providing 
this clock is the 82C84A-1, which meets this specification 
with either a S3OMHz crystal at it’s crystal inputs, or a 
SOMHz external frequency input to it’s EFI pin. In either 
case, a 1OMHz 1/3 duty cycle clock is output to the 80287. 
Note that when using a dedicated clock driver such as this, 
the CKM pin of the 80287 must be pulled up. 


Status Lines 


The 80C286 and 80287 communicate status information 


with one another through four signals; the BUSY line, the 


ERROR line, the peripheral request line (PEREQ), and the 
PEACK line. 


The BUSY and ERROR lines can be connected from the 
80287 to a 80C286-oriented chipset, or from the 80287 
directly to a 80C 286. In the case of the chipset interface, the 
signal timing between the 80287 and 80C286 is coordi- 
nated by the chipset. In the case of the direct 80287 to 
80C286 interface, the signal timing is handled by the 
80C286, and, since the signal flow direction is from the 
80287 to the 80C286 (i.e. from the slower device to the 
faster device), no additional hardware is required to achieve 
proper timing. 


U3 74AC08 
L 3 GPEACK 


4 U2 74AC112 


(TO 80287 
PEACK) 


FIGURE 1. PEACK STRETCH CIRCUIT 
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The peripheral request (PEREQ) line should be connected 
directly from the 80287 to the 80C286, and again, since the | 
signal flow direction is from the 80287 to the 80C286, no 


additional hardware is required. 


The peripheral acknowledge (PEACK) line is normally 
connected directly from the 80C286 to the 80287. In this 
case the signal flow direction is from the 80C286 to the 
80287 (i.e. faster device to slower device), and the 
PEACK active time is not guaranteed to meet the require- 
ments of the slower 80287-10. Worst case timing for the 
80C 286-16 reveals that PEACK output could be as short as 
45.5ns (i.e. PEACK (min) = 45.5ns). The 80287-10 input 
requirement is PEACK (min) = 60ns. 


The proper PEACK timing can be achieved using the circuit 
shown in Figure 1 comprised of a 74AC04, 74AC08, and a 
74AC112. Referring to the timing diagram shown in 
Figure 2, it can be seen that this circuit effectively 
‘stretches’ the 80C286’s PEACK output (in the form of 
GPEACK) to 72.7ns, which satisfies the 80287-10 require- 
ment. 


The operation of the circuit shown in Figure 1 is as follows: 


-(1) The RESET signal (which is also applied to the 80C286) 


is used to initialize the ’AC112 to a known inactive state 
(Q=1). | 


(2) When the 80C286 asserts the PEACK signal, the gated 
version of this signal (GPEACK) is asserted with minimal 
delay (7.9ns through the 'ACO8). 


(3) On the falling edge of the 80C286 CLK at the beginning 
of Phase 2 of the Ts cycle, the low state of PEACK is 
clocked into the 'AC112. This effectively holds GPEACK 
low for an additional clock cycle longer than standard 
PEACK timing. 


(4) On the falling edge of the 80C286 CLK at the beginning 
of phase 2 of the first Tc cycle, the high state of PEACK 
is clocked into the ’AC112, which then causes GPEACK 
to go inactive. 


The net effect of this circuit operation is to extend the 
80C286’s Peripheral Acknowledge signal to the 80287-10 
sufficiently to meet it’s requirements. 


SS SS SS OWA 


| 3.2 25.9 | 


| 4.9 17.3 


GPEACK Se 
| 


23.9 | 


2.7 


FIGURE 2. PEACK CYCLE TIMING 
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HARRIS 80C286 PERFORMANCE ADVANTAGES 
OVER THE 80386SX 


Author: Ted Dimbero 


The Harris 80C286, operating at the same frequency as the 
80386SX, can outperform the 80386SX when executing 
software written for the 80286 and 8086, including all 
MS-DOS™, PC-DOS™ and OS/2™-based programs. This 
performance advantage comes from the 80C286 require- 
ment of fewer clock cycles to execute the same instructions 
as the 80386SxX. 


Industry standard 16-bit 8086/80286 code can execute 
15-25% more efficiently on the 80C286 than on the 
80386SX. There is no performance advantage gained by 
simply moving a system design from an 80C286 to an 
80386SX. The 80C 286 is the processor best suited for exe- 
cuting 16-bit 8086/80286 code. 


The difference in clock cycle requirements is summarized in 
Figure 1. Of the 182 common instructions, the 80C 286 exe- 
cutes 79 instructions faster than the 80386SX. Another 64 
instructions execute in the same number of clock cycles on 
both processors. 


Overall, 143 instructions (78% of all common instructions) 
execute as fast or faster on the 80C286 than on the 


80386SX. 800286 - 16 
FASTER THAN 
80386SX - 16 
80C286 - 16 
EQUAL TO 
80386SX - 16 80386SX - 16 


FASTER THAN 
80C286 - 16 


FIGURE 1. EXECUTION SPEED COMPARISON 
(NUMBER OF INSTRUCTIONS) 


Taking this comparison one step further and looking at the 
performance contribution of each subset of instructions, 
those instructions that execute faster on the 80386SX are 
executed an average of 1.6 clock cycles faster. However, 
the instructions which execute faster on the 80C286 exe- 
cute in an average of 23.1 clock cycles less than on the 
80386SX. 


Operating Speeds 


The Harris 80C286 is available with operating frequencies 
of 12.5, 16, 20 and 25MHz. The 80386SX maximum operat- 
ing frequency is limited to 16MHz. The instruction compari- 
sons in Figure 1 (and throughout this document) evaluate 
the number of clock cycles required to execute the same 
instructions on both the 80386SX and the 80C 286. There- 
fore, it illustrates the performance differences when the two 
processors are running at the same speed. 


As this analysis shows, the 80C286 has the performance 
advantage when the two processors are running at the 
same speed. This 80C286 advantage is_ significantly 
greater when speed differences are taken into considera- 
tion. 


The 80C286-25, for example, can execute 100% of the 
instructions available on both processors faster than a 
16MHz 80386SxX. In some cases, a 2X performance in- 
crease can be seen with the 80C286-25 compared to the 
80386SX-16 (see Table 1). 


This is not a benchmark number that can be credited to 
differences in system design; it illustrates a one-to-one 
comparison of the length of time it takes to execute the 
same instruction on the two processors. That is, given two 
equivalent systems (both having the same disk access 
speed, same number of wait states, similar cache control- 
lers, etc), the 80C286-25 system would outperform the 
80386SX system on any benchmark. 


PC~DOS", OS/2™ are Trademarks of International Business Machines Corporation 


Xenix”, MS-DOS™ are Trademarks of Microsoft Corporation 
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. TABLE 1. 


80386SX-16 


PER- 
FORMANCE 
INCREASE | EXECUTION 
OVER 
i80386SX-16 


PER- 
FORMANCE 
INCREASE |EXECUTION 
OVER 
80386SX-16} 


PER- 
FORMANCE 
INCREASE 
OVER 
80386SX-16| | 


148.7 


Example 
4 
5 


Table 1 illustrates a performance comparison of the 
80386SX-16, 80C286-16, 80C286-20 and 80C286-25. 
The table lists the number of clock cycles needed to exe- 
cute five different subroutines (see examples 1-5 in 
Subroutine Analysis section) and the total execution times 

- for each subroutine for the two processors at varying oper- 
ating frequencies. 


In each of these examples, the results show that the 
80C286 outperforms the 80386SX. In addition, the 
80C 286-25 shows performance increases of 170%-250% 
over the 80386SX-16. The 80C286 not only outperforms 
the 80386SX at similar operating frequencies, it also pro- 
vides a path to increased performance by offering operating 
frequencies up to 25MHz which are not available with the 
80386SX. 


Architecture Background 


The 80C286 static CMOS microprocessor combines low 
operating and standby power with high performance and 
operating frequencies up to 25MHz. 


The 80C286 evolved from the industry standard 80C86 
microprocessor and has vast architectural enhancements 
over its predecessor that allow the 80C286 to execute the 
same code with a significant performance increase. 


Disregarding the clock speed increase, when upgrading 
from an 80C86 to an 80C 286, the 80C286 can execute the 
same code with an increase in throughput of up to 4 times 
that of the 80C86. This increase is solely due to the archi- 
tectural enhancements. 


It is a common belief that replacing an 80C286 with the 
80386SX microprocessor will yield similar performance in- 
creases. This is not the case. The new architecture gives the 
80386SX 32-bit internal capability but it does not signifi- 
cantly increase the throughput of 16-bit 8086 or 80286 
code. 


108% 


119.0 


179% 


When executing industry standard 8086 or 80286 code, re- 
placing the 80C286 with an 80386SX does not 
result in a significant performance increase. In many cases, 
such a replacement will actually cause a performance deg- 
radation. This is evident in the following areas: 


(1) Input/Output Handling 

(2) Interrupt Handling 

(3) Control Transfer (Loop, Jump, Call) 

(4) 80286 Protected Mode Systems 

(5) Multi-Tasking and Task Switching Operations. 
The performance advantage of the 80C286 is especially 
evident in areas such as: 


e Protected Mode Operating System - such as OS/2 
and Xenix™. 


e Multi-Tasking Systems. 


e Control Applications — utilizing interrupt and [/O in- 
structions. 


e Structured Software — utilizing many Control transfer 
instructions. 


e Operating Systems that rely on interrupts to perform 
functions - such as MS-DOS, PC-DOS and OS/2. 


e Upgrading 16-bit 80C86 applications for increased 
performance. 


Figure 2 illustrates a comparison of the number of clock cy- 
cles needed to execute several instructions available on all 
three microprocessors (80C86, 80C286, and 80386SX). 
This illustrates the dramatic effect of 80C286 architectural 
enhancements on performance when compared to the 
80C86 and the lack of similar performance improvement 
when executing 8086/80286 code on the 80386SX. 
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TOTAL (353) 


(125) 


(17) 
(10) 
(25) 
(19) 
(17) 


(52) 


ODO. O.O.9. 2.2.2.0 .D.O.O.O-O.2.@ 


(SPECIFIED VALUES IN PARENTHESES) 


(60) 


NUMBER OF CLOCKS TO EXECUTE INSTRUCTIONS 


eo 
PLY OO % 
(28) 


fg MUL [Bx] 

XOR AX, [BP] [Si] 
MB Our Port, ax 
NOT [BX+ 10} 
C) CALL near 

LOOP 


KY INT 3 


an ADD mem [BX] [DI], AX 


TOTAL (101) 


INSREURRERRRERRSREReRBeRe 
| 80C286 


ox 


TOTAL (119) 


(24) 
(7) / 


j= {3} 


xX 
2 
SON) 


FIGURE 2. ARCHITECTURAL COMPARISON 


Hardware System Comparison 
Pipelined Operation on a 16-Bit Data Bus 


At a given clock frequency, pipelined address operation 
increases a system’s performance, while simultaneously 
allowing relatively slower memories and |1/O devices to be 
used. Pipelined address operation provides the system 
increased address access time, and increased address 
decoding time. 


80C286 


The 80C286 supports a fully pipelined mode of operation for 
maximum system performance. 


The 80C286 remains in a pipelined mode of operation even 
when idle bus cycles occur. 


80386SX 


The 80386SX does not support a fully pipelined mode of op- 
eration. Some pipelining can be achieved, but to 
accomplish this, external bus ‘monitor’ logic must be added 
to the system. 


The 80386SX’s pipelining is disrupted by idle bus cycles. A 
non-pipelined bus cycle, usually with an additional wait state, 
must be executed before the 80386SX can return to pipe- 
lined mode. Idle bus cycles occur an average of 9% of the 
time. 


Idle Cycles 


Another factor to consider when evaluating 80C286 and 
80386SX performance is the effect of idle cycles on pipelined 
operation. Calculations have shown that, on average, bus idle 


cycles occur in the system approximately 9% of the time. The 
effect of idle cycles on pipelining is quite different on the 
80C286 than on the 80386SX. 


The 80C286 pipelined operation is not affected by idle 
cycles. When an idle cycle or cycles occur in a stream of 
pipelined bus cycles, the 80C286 returns to pipelining bus 
cycles immediately after the last idle cycle. In this way, each 
device on the bus (e.g. memory, peripheral) maintains a fixed 
timing associated with that device, and therefore always 
uses the minimum number of wait states required for that 
device. 


On the other hand, the 80386SX pipelined operation is 
disrupted by idle cycles. With the 80386SX, an idle cycle or 
cycles occurring in a pipelined stream of bus cycles breaks 
the pipelining operation. Once an idle cycle has occurred, a 
non-pipelined bus cycle must always be executed prior to 
resuming pipelining. Since a non-pipelined bus cycle will 
have different timing than a pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional external logic to differentiate between a pipelined 
bus cycle access, and a non-pipelined bus cycle access, 
even to the same device with the same address. 


From the preceding, it can be seen that when executing 
16-bit code, the 80C286 has a 9% performance 
increase over the 80386SX, due to the manner In which 
each processor handles idle cycles alone. 
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Instruction Comparison 


The Appendix in this document illustrates a direct compari- 


son of the number of clock cycles needed to execute the © 


same instructions on the 80C286 and the 80386SX. The 
table includes examples of instruction timing for all instruc- 
tions available on both processors. Several addressing 
modes of each instruction type are included. 


_ Of the 182 instruction examples analyzed, 79 of the instruc- 
tions execute faster on the 80C286 than on the 80386SX; 
64 of the instructions analyzed execute in the same number 
of clock cycles on both processors. This leaves only 39 
instructions with improved performance on the 80386SX 
(See Figure 1). Over 78% of the instructions analyzed 
execute as fast or faster on the 80C286 than on the 
80386SX. 


This is vastly different than the previous 8086-to-80286 
upgrade. With that upgrade, the 80C286 exhibits equal or 
better performance than the 80C86 with 100% of the 
instructions. 


This clearly indicates that the 80C286 is the processor best 
suited for executing industry standard 8086 and 80286 
code. 


The following discussion groups each of the instructions 
into one of several categories to analyze which applications 
will benefit from utilizing the 80C286. The categories used 
are: 


e Jumps, Calls, Returns and Loops (Real Mode). 
e |/O Instructions. 


® Logic, Arithmetic, Data Transfer, Shift and Rotate 
Instructions. 


e Interrupts. 


Miscellaneous Instructions. 


e Protected Mode/Multi-Tasking Instructions. 


Jumps, Calls and Loops | 


In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the 
same number of clock cycles to execute on the 80C286 
and the 80386SxX. Since the segment sizes are larger on the 
80386SX, the near transfer instructions on the 80386SX 
can transfer a greater distance. 


The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C286: four clocks and one clock respectively. The far 
_ return instruction executes in three less clock cycles on the 

80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
on the 80C286 and are discussed in the Section on Pro- 
tected Mode. 


The loop iaathiction is three clock cycles faster on the 
80C286 than the 80386SX. Thus, the 80C286 would save 
300 clock cycles over the 80386SX if a LOOP nsutetion 
were executed 100 times. 


- —ADVANTAGE— 
INSTRUCTION 80C286 | NONE |80386SXx 


NesrumPandcate | |x| 
FercatLwMpandreT | x | | 


L/O Instructions 


The 80C286 has a significant advantage with the (/O in- 
structions. The IN instruction is almost 2 1/2 times faster on 
the 80C286; the 80386SX takes 7 extra clock cycles to ex- 
ecute the same instruction. The OUT instruction is over 3 
times faster on the 80C286; again the 80386SX takes 7 ex- 
tra clock cycles to execute the same instruction. Executing 
the I/O instructions on the 80386SxX is equivalent to execut- 
ing on the 80C286 with 7 wait states. 


The string 1/O instructions (INS and OUTS) are also signifi- 
cantly faster on the 80C286. The INS instruction is 10 clock 
cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly important if the string 
operations are going to be used to input or output a large 
block of data using the REP prefix. Inputing 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputing 100 words with the REP OUTS in- 
struction. In this case, the 80C286 is 800 clock cycles 
faster than the 80386SX. 


| SaDvANTAGE— 


Lom bee 


INSTRUCTION 


Logic, Arithmetic, Data Transfer, Shift 
and Rotate Instructions 


Most forms of the logic, arithmetic, and data transfer 
instructions execute in the same number of clock cycles on 
both processors. Certain operand combinations of these 
instructions (immediate to register for example) take one 
extra clock cycle to execute on the 80C286. 


In real mode, the segment register transfer instructions exe- 
cute as fast or faster on the 80C286 than they do on the 
80386SX. For example, using the POP instruction to trans- 
fer data into a segment register is 2 clock cycles faster on 
the 80C286. 


Most of the string manipulation instructions execute in the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 


The divide instruction executes in the same number of clock 
cycles on both processors. The number of clocks to 
execute the multiply instruction. on the 80386SX is data 
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dependent; the number of clocks to execute the same 
instruction on the 80C 286 is fixed. On average, the multiply 
instruction is five clock cycles faster on the 80386SxX, but 
independing on the data, the 80386SX could be as many as 
4 clock cycles slower than the 80C 286. 


The rotate and shift instructions are faster on the 80386SX. 
Unlike the 80C286, the 80386SX rotate and shift instruc- 
tions do not depend on the number of bits to be shifted or 
rotated. Thus, the 80386SX has the advantage with multi- 
bit rotate and shift instructions. The 80C 286 does, however, 
execute single bit rotate and shift instructions faster. 


| —ADVANTAGE— 
INSTRUCTION 80C286 | NONE | 80386SX 


Certain Operand Xx 
Combinations of Logic 
and Arithmetic 


Divide 


Interrupt Instructions 


Interrupts are serviced more quickly on the 80C286. The 
INT instruction, in real mode, executes 14 cycles faster on 
the 80C286 than it does on the 80386SX. The INTO, 
BOUND, and other instructions that can cause an interrupt 
all benefit from the faster interrupt handling features of the 
80C286. The return from interrupt instruction (IRET) is 7 
clock cycles faster on the 80C286. The PUSHA and POPA 
instructions, frequently used by interrupt handling proce- 
dures, are both faster on the 80C286. Protected Mode 
interrupt handling is discussed in the Protected Mode 
section. 


—ADVANTAGE— 


soczas | NONE | soae6sx 


INSTRUCTION 


Miscellaneous Instructions 


The BCD instructions, HLT, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWD instruction all exe- 
cute in the same number of cycles on both processors. The 
ENTER, LEAVE, and BOUND instructions are from 1 to 3 
cycles faster on the 80386SX. The BOUND instruction is 
only faster if an interrupt is not caused by the instruction. 


—ADVANTAGE— 


INSTRUCTION 80C286 | NONE | 80386SX 


BCD Instructions a ae ee 


Data Conversion » 4 
(CBW, CWD) 


Protected Mode/Multi-Tasking 


When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386SX. Task switching op- 
erations execute 100 to 271 clock cycles faster on the 
80C 286. The instruction to return from a called task is 63 
clock cycles faster on the 80C286. This results in a very sig- 
nificant performance increase for systems utilizing the mul- 
ti-tasking features. The 80C286 is clearly better suited than 
the 80386SX for running protected mode operating sys- 
tems such as OS/2 and Xenix. 


Inter-segment JMP, CALL and segment loading instruc- 
tions also operate faster on the 80C 286. The 80C286 saves 
anywhere from 4 to 11 clock cycles depending on the par- 
ticular inter-segment transfer instruction. In protected 
mode, the inter-segment return is also faster on the 
80C 286. The 80C286 is 11 clock cycles faster when exe- 
cuting an inter-segment return to the same privilege level 
and is 17 cycles faster on inter-segment returns to a differ- 
ent privilege level. 


The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C 286. The in- 
struction to switch the processor to protected mode 
(LMSW) is 7 cycles faster on the 80C286. 


Most of the 80286 protected mode access checking in- 
structions operate as fast or faster on the 80C286 than on 
the 80386SX. The LAR instruction is one clock cycle faster 
on the 80C286 and the LSL instruction is 5 clock cycles 
faster. The VERW instruction executes in the same speed 
on both processors and the VERR is 5 cycles faster on the 
80386SX. The ARPL instruction used in protected mode 
procedures for pointer validation is 10 clock cycles faster 
on the 80C 286. 


—ADVANTAGE— 
INSTRUCTION 80C286 | NONE | 80386SX 
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Subroutine Analysis 


This section lists several subroutines and then compares 
the number of clock cycles each subroutine will take to exe- 
cute on the 80C286 and on the 80386SX. 


EXAMPLE 1 


This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output. The routine first checks the status of the UART to 


determine if it is busy. If it is busy, the routine loops until the 
UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock clycle analy- 
sis for the OUT__CHAR routine. 


This sample procedure executes about 25% faster on the 
80C286 than on the 80386SX. The advantage is realized 
through the 80C286’s faster interrupt handling and faster 
\/O instructions. 


80C286 80386SX | | 
CLOCK CYCLES | CLOCKCYCLES OUT_CHARACTER PROC NEAR 


CK__STATUS: 


Total cycles if UART not busy. 


PUSHF 

PUSH AX 

IN AL, PORT__STATUS 
CMP AL, BUSY 

JE CK__STATUS 

POP AX 

OUT OUT__PORT, AL 
POPF 

IRET 


INT x 


; save callers flags. 

; save data to be output. 
; Input UART status. 

; Check If UART Busy 

; If busy go check again. 


; If not busy restore AX 
; and output data. 

; Restore Flags 

; Return. 


; Instruction to initiate OUTCHAR 
; Interrupt. 


Number of cycles added for each loop while UART is busy. 


EXAMPLE 2 


The second example outputs an entire string of characters 
using the previous interrupt routine (denoted by “INT x” in 
the code below). The DS:SI registers point to the beginning 


of the string to be output. The string is variable in length and 
must be terminated with the “$‘” character. 


80C286 ' 80386SX 
CLOCK CYCLES CLOCK CYCLES OUT__STRING PROC FAR 


79+91/char 91+121/char 


JE done 


JMP next 


PUSHA 
LODSB 
CMP AL, ee 


; Save Caller's registers. 

; Load first char to be output. 

; Check to see if End of string. 
; If end then goto DONE. 

INT x : If not end output character. 
; Go get next char to output. 
POPA 


RET 


; Restore Registers when done. 
; Far Return. 


; Far Call to initiate 
; OUT__STRING procedure. 


Call OUT__STRING 


Total number of clocks to start and end routine. 


+Number of additional clocks to output each character in the output string 


To output a string of 20 characters, the 80C286 would take 
1,899 clock cycles; using the same routine, the 80386SX 
would take 2,511 cycles. Each time a string of 20 charac- 
ters is output, the 80C286 will save 612 clock cycles; an 


80C286 performance increase of almost 25%. The advan- 
tage is realized through the 80C286’s faster interrupt handl- 
ing, faster I/O instructions, faster FAR transfer instructions 
and faster register saving and restoring instructions. 
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EXAMPLE 3 


This example adds all the values of a source array in (number of words in the array), offset of source array, and 
memory to the values of a destination array in memory. The | offset of destination array are all assumed to be placed on 
result is stored in the destination array. Both arrays are the stack (in that order) by the calling program. The source 
assumed to be in the current data segment. The count code for the procedure is listed below: 


80C286 80386SX 
CLOCK CYCLES CLOCK CYCLES ADD__ARRAY PROC NEAR 


PUSHA ; Save caller’s registers. 
MOV BP, SP ; Point BP to current stack 
MOV CX, [bp+22] ; Load array size from stack 
; into CX. 
MOV SI, [bp +20] ; Load offset of source array 
; from stack into SI. 
MOV DI, [bp +18] ; Load offset of destination 
; array from stack into DI. 
CLD ; Clear Direction Flag. 
LODSW ; Load the source word into AX. 
ADD [D1], AX ; Add source to destination. 
ADD DI, 02 ; Point DI to next data. 
LOOP NEXT ; Continue to ADD all elements 
; in the two arrays. 
POPA ; Restore Registers 
RET 6 ; Near return. 


; Following is the code necessary to set up and call the above procedure. 


PUSH count ; Put count parameter on stack 
PUSH offset S__ARRAY ; Put offset of source array 

; on stack. 
PUSH offset D__.ARRAY ; Put offset of destination 

; array on stack. 


CALL ADD__ARRAY ; Near Call to initiate 
; ADD__ARRAY procedure. 


84+(23*CX)—4 84+(25*CX) Total number of clocks to start and end routine. 
+Number of additional clocks for each item in array to be added. 


Both processors take the same number of clock cycles for clock cycles; the 80386SX takes 2,584 (an additional 204 
initialization before the call and closing up after the call (84). clocks) to execute the same routine. In this example, the 
The loop that does the adding is faster on the 80C286. To LOOP instruction gives the 80C286 the performance 
add two 100 word arrays, the 80C286 would take 2,380 advantage over the 80386SX. 


APPLICATION 
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EXAMPLE 4 


This procedure is an example of an operating system 
procedure developed for a protected mode multi-privilege 
level system. The procedure INIT_SEGMENT is passed a 
segment selector on the stack and will load that entire 
segment with zero’s. The procedure is designed to execute 
at privilege level zero with a call gate at privilege level 3; this 


allows procedures executing at any level to utilize the 
INIT_SEGMENT procedure. INIT_SEGMENT provides 
protection checks to ensure that the procedure passing the 
parameter has valid access to the segment that it is trying to 
initialize. This prevents a procedure at privilege level three 
from initializing a segment at privilege level zero. 


80C286 __ 80386SX | 
CLOCK CYCLES CLOCK CYCLES INIT_SEGMENT PROC FAR WC=1 


PUSHA 

PUSH ES 

MOV BP, SP 

MOV AX, [BP+22] 


MOV BX, [BP +20] 


ARPL AX, BX 


VERW AX 
JNE ERROR 
MOV ES, AX 


LSL CX, AX 
XOR DI, DI 
XOR AX, AX 
CLD 

REP STOSB 
CLC 


POP ES 
POPA 
RET 2 
STC 


ERROR: 


; save caller’s registers. 

; save ES register. 

; Point BP to top of stack. 

; Load AX with segment selector 
; passed as parameter on stack. 
; Load BX with return CS to 

; determine caller’s CPL. 

; Adjust the Privilege level of 

; the segment selector according 
; to the caller’s CPL. 

; Test for valid write access 

; If no valid access goto error. 

; LOAD ES with segment to be 

; initialized. 

; Load segment size into CX. 

; Load zero into DI. 

; Load zero into AX. 

; Clear decrement flag. 

; Init entire segment to 00. 

; Clear carry to indicate segment 
; initialized with no errors. 

; Restore ES register. 

; Restore Register 

; Ret FAR to different privilege 


; SET carry to indicate error. 


JMP DONE 
; Code to push selector on stack and initiate INIT SEGMENT via call gate. 


PUSH DATA_SELECTOR 
98 CALL INIT_SEGMENT__GATE 


ae ——e nee 


253 
283+(3*S) 


299 


337 +(5*S) 
in bytes. 


This example shows that when executing instructions used 
for privilege verification and privilege level transitions the 
80C286 is faster than the 80386SX. Without taking the 
LODS instruction into account, the 80C286 is 54 clock 


; Place Selector on stack. . 
; Instruction to initiate 
; INIT SEGMENT procedure. 


Total clocks if ERROR because segment not accessible. 
Total number of clocks if segment is initialized to zeros. “S" represents size of segment 


cycles faster when executing the same procedure. With the 
LODS instruction, and assuming a segment size of 100 
bytes, the 80C286 would execute this routine 254 clock cy- 
cles faster than the 80386SX. 
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EXAMPLE 5 


This Procedure is a task dispatcher that is invoked via an 
interrupt to Cause a task switch to occur. This procedure 
utilizes a circular linked list of the tasks that need to be 
executed. A pointer called “CURRENT__TASK” points to 
the data structure for the current task being executed. The 
data structure contains the TSS for the task it is describing 
and a NEXT field that points to the data structure of the next 
task in the list to be executed. When the Task Dispatcher is 
invoked it switches the current pointer to the next task in the 


TSS1_ SEL 
NEXT_ PTR 


CURRENT _ TASK~> 


START: 


The advantage of the 80C 286 in this case is in the faster 
task switch instruction. The task switch instruction is 116 choice for multi-tasking applications. 
clock cycles faster on the 80C286 than on the 80386SX. 


80C286 80386SX 
CLOCK CYCLES CLOCK CYCLES TASK__DISPATCH PROC FAR 


MOV BX, CURRENT TASK + 2 


MOV CURRENT TASK, BX 


JMP DWORD PTR [BX-2] 
JMP START 


list and then invokes the new task by jumping to the TSS for 
that task. The data structure for the linked list is illustrated 
below. 


The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following is a listing for the simple task 
dispatcher. 


TSS2_ SEL 
NEXT_ PTR 


TSS3_ SEL 
NEXT_PTR 


; Load BX with contents of next 
; field of current TASK. BX will 
; contain the address of the data 
; structure for next task to run. 
; Update Current Task to point to 
; new task to be executed. 
; Start new task by jumping to TSS 


; JUMP to start for next time the 
; TASK dispatcher is invoked. 


This performance increase makes the 80C286 the clear 
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Appendix 


This appendix contains a table directly comparing the num- 
ber of clock cycles necessary to execute all the instructions 
available on both the 80C286 and the 80386SX. The table 
includes several addressing modes of each instruction. 


The table has five columns. The first column list the instruc- 
tion being compared. The second column lists the number 
of clock cycles that the 80C286 needs to execute that 
instruction. The third column lists the number of clock 
cycles needed by the 80386SX to execute the same 


NUMBER 
CLOCKS TO 
EXECUTE 
ON 80C286 


80C286 INSTRUCTION 


AAA 

AAD 

AAM 

AAS 

ADC reg, reg 

ADC mem, reg 

ADC reg, immed 

ADC mem, immed 

ADD reg, reg 

ADD mem, reg 

ADD reg, immed 

ADD mem, immed 

AND reg, reg 

AND mem, reg 

AND reg , immed 

AND mem, immed 

ARPL reg, reg 

ARPL mem, reg 

BOUND (no interrupt) 

CALL immed (near) 

CALL immed (far real mode) 
CALL immed (far PVAM) 

CALL gate (same privilege PVAM) 
CALL gate (different privilege PVAM) 
CALL TSS (Task Switch PVAM) 
CALL task__gate (Task Switch PVAM) 
CBW 

CLC 

CLD 

CLI 

CLTS 

CMC 

CMP reg, reg 

CMP mem, reg 

CMP reg, immed 

CMP mem, immed 

CMPS 

CWD 


a ak ak 
“ON ANNAN OANNNONNDNWDOD A DW 


instruction. The fourth column divides the number of cycles 
needed by the 80386SX by the number of cycles needed by 
the 80C286. If this figure is greater than one, (see fifth 
column) then the 80C286 is faster than the 80386SX. For 
example, a 2.0 would indicate the 80C286 executes the 
same instruction twice as fast as the 80386SX. A 1.0 indi- 
cates that both processors execute the instruction in the 
same number of cycles. A number less than one indicates 
the 80386SxX is faster than the 80C286. 


80C286-16 
FASTER 
THAN OR 
EQUAL TO 
80386SX- 16 


NUMBER 
CLOCKS TO 
EXECUTE 
ON 80386SX 


80386SX/ 
80C286 


NNN DN NNNNONDNOND A 


no 
o) 


NS «a ok 
SOaNGd 


00 
iS) 
CSSA SS NSAW SSS. SRN SRR. SSR. NNNASS 


_ 
NOON ANN OF@®ONM ND ® 


NODWOANNNWANN NH 
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Appendix (Continued) 


80C286-16 
NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386SX/ EQUAL TO 
80C286 INSTRUCTION ON 80C286 ON 80386SX 80C286 80386SX- 16 


DAA 

DAS 

DEC reg 

DEC mem 

DIV word, reg 

DIV word, mem 

ENTER immed, immed2 (immed 2 = 6) 
HLT 

IDIV word, reg 

IMUL word, mem 

IN 

INC reg 

INC mem 

INS 

INT 3 (real mode) 

INT immed (real mode) 

INT immed (PVAM same privilege) 

INT immed (PVAM different privilege) 
INT TASK__GATE (PVAM Task Switch) 
INTO (No Jump) 

INTO (Yes Jump real mode) 

IRET (real mode) 

IRET (PVAM same privilege) 

IRET (PVAM different privilege) 

IRET (PVAM task switch) 

Jcond label (No jump) 

Jcond label (Yes jump) 

JMP near__label 

JMP Far__label (real mode) 

JMP FAR__LABEL (PVAM) 

JMP CALL__GATE (PVAM same privilege) 
JMP TASK__GATE (PVAM task switch) 


= 

JMP TSS (PVAM task switch) O 
YY) 
LAHF Part 
LAR reg = 3) 
LAR mem = =< 

LDS (real mode) o 


VN WV WS SNS WSS NASR NR NS ENN. ONS. NNR: ONACR 


LDS (PVAM). 
LEA 

LEAVE 

LGDT 

LIDT 

LLDT reg 
LLDT mem 
LMSW reg 
LMSW mem 
LODS 

LOOP (Jump) 
LOOP (No Jump) 


SNS OS 
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Appendix (Continued) 


80C 28-16 
NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386SX/ EQUAL TO 
80C286 INSTRUCTION ON 80C286 ON 80386SX 80C286 | 80386SX-16 


LSL reg 

LSL mem 

LTR reg 

LTR mem 

MOV reg, reg 

MOV mem, reg 

MOV reg, immed 

MOV mem, immed 

MOV seg__reg, reg (real mode) 
MOV seg__reg, mem (real mode) 
MOV seg__reg, reg (PVAM) 
MOV seg__reg, mem (PVAM) 
MOVS 

MUL reg 

NEG reg 

NEG mem 

NOP 

NOT reg 

NOT mem 

OR reg, reg 

OR mem, reg 

OR reg, immed 

OR mem, immed 

OUT 

OUTS 

POP reg 

POP mem 

POP seg__reg (real mode) 
POP seg__reg (PVAM) 
POPA 

POPF 

PUSH reg 

PUSH mem 

PUSH seg__reg 

PUSHA 

PUSHF 

RCR or RCL reg, 1 

RCR or RCL men, 1 

RCR or RCL reg, cl (cl = 4) 
RCR or RCL mem, cl (cl = 4) 
RCR or RCL reg, 4 

RCR or RCL mem, 4 

ROR or ROL reg, 1 

ROR or ROL mem, 1 


Nm N 
“~ oO 


S SN NNNSN NAN. NR ONIN AN 


no 
oaaa aan WANNN ND ON ND 

ie] —_ _ NM PN nN 
RNNMNRONNANDANADANANANANNNNNAND 


on © 
~ 
oO $ 
Nese ON CN NNN NX Se Ne SO SNR * 
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Appendix (Continued) 


80C 286-16 
NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386SX/ EQUAL TO 
80C286 INSTRUCTION ON 80C286 ON 80386SX 80C286 80386SX-16 
REP INS (cx = 100) . 613 1.51 v 
REP MOVS (cx = 100) 407 1.00 v 
REP OUTS (cx = 100) 512 1.26 v 
REP STOS (cx = 100) 505 1.66 v 
REP CMPS (cx = 100) 905 1.00 v 
REPE CMPS (N = 100) 905 1.00 v 
REPE SCAS (N = 100) 805 1.00 v 
RET (near) 12 1.09 
RET (far real mode) 20 1.33 v 
RET (far PVAM same privilege) 36 1.44 v 
RET (far PVAM different privilege) 72 1.31 v 
SAHF 3 1.50 v 
SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 3 1.50 v 
SHIFT mem, 1 7 1.00 v 
SBB reg, reg 2 1.00 v 
SBB mem, reg 6 0.86 
SBB reg, immed 2 0.67 
SBB mem, immed fA 1.00 
SCAS 7 1.00 
SGDT 9 0.82 
SIDT 9 0.75 
SLDT reg 2 1.00 
SLDT mem 2 0.67 
SMSW reg 2 1.00 
SMSW mem 2 0.67 
STC 2 1.00 
STD 2 1.00 
STI 3 1.50 
STOS 4 1.33 
STR reg 22 1.00 = 
STR mem 2 0.67 2 w” 
SUB reg, reg 2 1.00 Pa: al 
SUB mem, reg 7 1.00 =! 2 
SUB reg, immed 2 0.67 a. 
SUB mem, immed 7 1.00 = 
TEST reg, reg 2 1.00 
TEST mem, reg 5 0.83 
TEST reg, immed 2 0.67 
TEST mem, immed 5 0.83 
VERR reg 10 0.71 
VERR mem 11 0.69 
VERW reg 15 1.07 
VERW reg 16 1.00 
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Appendix (Continued) 


80C286-16 
NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386SX/ EQUAL TO 
80C286 INSTRUCTION : ON 80C286 ON 80386SX | 80C286 80386SX-16 


WAIT 

XCHG reg, reg 
XCHG reg, mem 
XLAT 

XOR reg, reg 
XOR mem, reg 
XOR reg, immed 
XOR mem, immed 


3 
3 
5 
5 
2 
7 
3 
7 


NN ONM OOO OD 


TOTAL number clocks to execute all instructions 
AVERAGE 


cop) 
180) 
o 
h 


Number of Instructions faster on 80C286 
Number of Instructions equal on both processors 
Number of Instructions faster on 80386 


Total Number of instructions analyzed 
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USING THE HS-3282 ARINC 
BUS INTERFACE CIRCUIT 


Daniel B. Clifton 


Introduction 


The Harris HS-3282 is a high performance CMOS 
programmable bus interface circuit that was designed to 
meet the requirements of ARINC Specification 429, and 
similarly encoded, time multiplexed serial data protocols. 
Its simple but efficient design allows the HS-3282 to be 
used without major complications in a variety of 
applications. By setting an internal control register, the 
HS-3282 can be programmed to operate at different data 
rates and with different word lengths, and to transmit 
either even or odd parity. The device can also be 
programmed to operate with or without a unique address 
(SDI — source/destination identifier), and with or without 
its self test mode implemented. Although the HS-3282 
was designed to transmit and receive high-speed data 
rates (100K BPS or 12.5K BPS), standard baud rates of 
9600 or 1200 BPS can be implemented by reducing the 
input clock frequency. The timing requirements of the 
HS-3282 make it compatible with 8086 microprocessor or 
other similarly based systems operating at 5 MHz or less. 
Designed to meet the critical needs of today’s advanced 
aircraft, the HS-3282 is a cornerstone of reliability for 
systems that cannot tolerate a wide margin of error. 


Functional Operation of the HS-3282 


In order to clarify and expand on the basic details given in 
the data sheet, the following information has been 
provided to point out some of the particularities of the HS- 
3282. 


Clock Frequencies 


The two receiver output signals, D/R1 and D/R2, have a 
minimum pulse width of one clock period. Because of 
this, when using a slower clock rate than 1 MHz to drive 
the HS-3282, these outputs may remain in a low state fora 
few microseconds after the data in the receivers is 
fetched. This could cause the same data to be fetched 
more than once if these outputs are used to drive state 
sensitive interrupt requests; therefore, it is necessary to 
use edge sensitive interrupt requests, as mentioned in the 
typical application of the HS-3282 below. 
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Bi-Directional Data Bus 


Data transfer to and from the host is accomplished via a 
16-bit bidirectional, three-stated bus. The control of this 
bus is completely internal to the HS-3282. When data is 
written to the transmitter or the control word register, the 
bus is automatically enabled as an input; when data is 
read from the receivers, the bus is automatically enabled 
as an output; at all other times, the bus is in a high impe- 
dance state and will not interfere with external operations. 


Setting Up the Control Word Register 


When a low to high transition occurs on the CWSTR pin, 
the data on the eleven most significant bits of the bi- 
directional bus is latched into the control word register. 
The location and function of each of these bits is shown in 
the data sheet. 


Receiver Operation 


Incoming data from the line receiver (or from the self test 
circuit) is shifted into the data shift register by the word 
gap timer on an edge sensitive basis. This results ina high 
data rate tolerance; although ARINC specification 429 
requires at least a =1% tolerance, the HS-3282 has at least 
a +10% tolerance at all data rates. In order to prevent 
reception errors, the word gap timer is designed to disable 
and reset the receiver upon reception of two consecutive 
null times (or two consecutive data times), and re-enable 
the receiver after four additional null times. if a word ofthe 
proper length (and SDI) has been received by this time, 
the word will be latched and the D/R flag of the 
corresponding receiver will go low to signal the host that a 
valid word is ready to be fetched. (For the most efficient 
operation, the D/R flags should be used to generate 
interrupt requests to the host system.) It should be noted 
that the parity bit that is stored in the receiver latch may be 
different than the parity bit of the word that was received. 
This is because the parity bit that is stored in the receiver 
latch is actually a parity flag, indicating by its status the 
parity of the word that was received: if the parity of the 
word received was odd, the parity flag will be alogic “0”; if 
the parity of the word received was even, the parity flag 
will be a logic “1”. 
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Once a word is ready to be fetched, it may be read by the 
host system in two 16-bit parts over the bi-directional bus 
by strobing the appropriate EN line low twice, once with 
the SEL line low to read “word 1” and once with the SEL 
line high to read “word 2”. (if preferred, “word 2” may be 
read before “word 1”, or the EN line may be held low for 
one long pulse while the SEL input is toggled to select first 
one word and then the other.) The actual ARINC contents 
of these two 16-bit “words” (or the contents of the 25 bit 
word length) is shown in the data sheet. It should be noted 
that the D/R flag will not be reset unless both words are 
read. 


Transmitter Operation 


As mentioned in the data sheet, the transmitter has a FIFO 
that can hold up to eight data words. Although the HS- 
3282 has two inputs, PL1 and PL2, used to write data into 
the FIFO, the data is not actually entered into the FIFO un- 
til the second input (PL2) is pulsed low. Therefore, the 
first half of each data word must be written to the HS-3282 
first. Then, when the PL2 input is pulsed low to write the 
second half of the word, the proper data will be trans- 
ferred into the FIFO. 


The HS-3282 transmitter is designed to transmit data in 
sets containing from one to eight 32 or 25 bit words. It is of 
primary importance that the transmitter FIFO not be 
disturbed while .this transmission is taking place; 
therefore, systems should be designed to disallow writing 
to the FIFO while transmission is taking place. The only 
exception to this rule is that words can be written into the 
FIFO while the first word (only) is being transmitted; if 
transmission of a second word is started before the TX/R 
has returned to a high state, the FIFO must remain 
undisturbed until the entire transmission sequence is 
completed and the TX/R flag goes high. The TX/R flag be- 
comes useful here as an interrupt request output to the 
host system, signaling that the FIFO is ready for another 
set of data words. 


It is also of primary importance that the ENTX input 
remain high for the duration of the transmission sequence 
or the integrity of the data in the FIFO will be broken. This 
can best be accomplished by feeding the TX/R flag 
through an inverter and back into the ENTX input. This 
application will enable the transmitter as soon as the first 
word is written into the FIFO, and keep it enabled until the 
transmission sequence is completed; since most host 
systems operate at much greater speeds than the trans- 
mitter, an additional seven words could easily be written 
into the FIFO while the first word is still being transmitted. 


The value of the parity bit as written into the FIFO makes 


no difference since the transmitter sets the parity bit at 
transmission time according to the type of parity that it 
has been programmed to transmit. © 


Lightning Protection 


Although the bus driver has been protected by a 100mW 
fuse capable of sinking up to 1A for short periods of time 
(100ms) and internal zener diodes which saturate at about 
8.7 volts, the bus interface circuit has no such protection 
for its receiver inputs. Because of the possibility of a light- 
ing strike to aircraft, additional protection should be used 
to protect both the HS-3282 and the bus driver from high 
voltage spikes. External avalanche diodes with high 
power ratings (five or ten watts) should be used to clamp 
the bus at about £6.8 volts. This will prevent the fuse and 
the zeners in the driver from being burned out by current 
surges, and it will keep the voltage level on the inputs of 
the receiver within acceptable limits. 


A Typical Application of the HS-3282 


The following example shows one possible way to inter- 
face the HS-3282 with a host system. Although different 
applications may require different approaches, most 
systems will have requirements similar to those that have 
been met here. 


Logical Control 


As shown in Figure 1, the support circuitry necessary to 
integrate the HS-3282 into a system primarily involves a 
logic circuit to drive the control inputs. In most cases, this 
can be achieved using microprocessor RD and WR bus 
control signals and two address lines in conjunction with 
a decoded chip select line and a DEN (data enable) line. 
During READ operations, the particular function (EN1 or 
EN2) is selected when the proper address is present while 
the RD line is low; note that the second LSB of the address 
bus is used to select either word 1 or word 2. The DEN line 
is used to signal the BIU to place its data on the bus. 


Therefore, for read operations, the only timing require- 
ment the host system must meet is a minimum DEN pulse 
of 200ns plus the propagation delay of the enable gates. 
During write operations, the WR line is inverted and used 
instead of the DEN line to enable the particular function 
(CWSTR, PL1, or PL2) previously selected by the address 
bus. Since the minimum data hold time of the HS-3282 is 
Ons, the timing requirement for write operations, besides 
the minimum 200ns WR pulse, is a minimum data disena- 
ble delay equal to the total propagation delay caused by 
the function enable gates. 
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p0-15 16 


DEN 


A2 | by} 


FUNCTION 


SELECT 
A3-Al 5 Cd : DECODE 
CHIP SELECT 
DECODE 
INTERRUPT REQUESTS 
FIGURE 1. 


Address Decoding 


In the system shown, the transmitter FIFO is decoded as 
addresses F8 (first word) and FA (second word), and the 
control word register is at FC; writing to these addresses 
will load the corresponding registers of the HS-3282. 
Receiver latch #1 is at addresses F8 (first word) and FA 
(second word), and Receiver latch #2 is at addresses FC 
(first word) and FE (second word); reading these 
addresses will load the data from the corresponding 
receiver latch of the HS-3282. Note that an address line 
can be connected directly to the SEL input of the HS-3282 
to perform the receiver latch word select function. Since it 
is impossible to write to the receiver latches or to read the 
transmitter FIFO and the control word register, the ad- 
dresses of the read functions can overlap the addresses of 


 . +p —* 


BDO-15 


SEL 


FUNCTION 
ENABLE 


TYPICAL HOST TO HS-3282 INTERFACE LOGIC 


the write functions without presenting a problem. See 
Table 1. 


ADDRESS 


APPLICATION 
NOTES 


_ TABLE 1. TYPICAL HS-3282 FUNCTIONAL DECODING 
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interrupts 


For the most efficient operation, any system incorporat- 
ing the HS-3282 should provide conditions by which the 
device can generate interrupt requests to the host system. 
If both receivers are being used, then a minimum of three 
interrupt vectors are needed: one (TX/R) to signal the end 
of a data set transmission, and one for each of the receiv- 
ers (D/R) to signal the presence of a valid word ready to be 
fetched. Since the TX/R signal can remain high for inde- 
terminate periods of time while the transmitter is inactive, 
the requests should be received by the host on an edge 
sensitive basis. 


Software Requirements 


A flowchart of a simple algorithm that the host system 
could use to exercise and monitor the functions of the 
HS-3282 is shown in Figure 2. In order to begin, the 
HS-3282 must be initialized with a contro! word, then the 
host should set some flag in system memory to indicate 
that the transmitter is available. If data is ready to be 
transmitted, the host should store the data in a temporary 
buffer until the transmitter becomes available. At this 
time, the data is taken from the buffer and loaded into the 
transmitter FIFO (eight 32 bit words maximum). After 
loading the FIFO, the host should reset the flag in system 
memory mentioned previously to indicate that the 
transmitter is no longer available. Unless an interrupt is 
received by this time, the host can move on to other tasks 
or continue storing data in the temporary buffer (as 
shown by the broken arrow). If a D/R interrupt is received, 
data can be read from the receiver latch and any corres- 
ponding action taken. If a TX/R interrupt is received, the 
transmitter available flag should be set once again, and 
any ready data in the buffer could be written into the FIFO. 


Adapting the HS-3282 to an 
8-Bit Data Bus 


Although designed for a sixteen bit data bus, the HS-3282 
can be used in systems with an eight bit data bus by 
adding a few external components. The _ following 
example shows how this can be done. 


Logical Control 


‘Figure 3 shows the circuitry necessary to integrate the 
HS-3282 into a system that utilizes an 8 bit data bus. The 
circuit is very similar to the one in Figure 1, the primary 
difference being the addition of the logic circuitry neces- 
sary to drive two input/output latches. The primary pur- 
pose of this additional circuitry is to latch the high order 
byte of data so that the host system can accomplish each 
16 bit data transfer with the HS-3282 by using two sepa- 
rate 8 bit operations. Each of the two latches serves a spe- 
cific purpose: the output latch provides the HS-3282 with 
the high order byte during write operations (PL1, PL2, and 
CWSTR), and the input latch receives the high order byte 
during read operations (EN1 and EN2). The outputs on 


WRITE 
CONTROL 
worRD 
SIGNIFY 
TX 
AVAILABLE 
PUT DATA 
IN TX 


DATA TO 
™ 
? 
TX 
AVAILABLE 
? 


LOAD 
HS-3282 
TX FIFO 


SIGNIFY 


UNAVAILABLE 


DA FETCH DATA 
YES FROM RCVR. 


INTERRUPT LATCH AND 
? ; RESPOND 
TX/R 
INTERRUPT 
? 


FIGURE 2. SIMPLE HS-3282 DRIVER ALGORITHM 


these latches should be three-stated to avoid bus 
contention. The least significant bit of the address bus is 
used to activate the latches onto the host system data bus 
whenever the host system is performing high order byte 
operations, and this same address bit is inverted and 
added as an input to each of the function enable gates to 
prevent the HS-3282 from being activated at the same 
time. During low order byte operations, the outputs of the 
function enable gates are used to activate the latches onto 
the high order byte of the bidirectional bus of the 
HS-3282, allowing the BIU to instantaneously transfer a 
full 16 bit word. Since the latches are automatically 
activated in unison with the BIU during low order byte 
operations, the high order byte must be handled first 
during write operations so that the proper data will be 
present in the output latch when the lower byte is written 
to the BIU. Conversely, the low order byte must be 
handled first during read operations since the high order 
byte is automatically strobed into the input latch when the 
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low order byte is read. Timing requirements are increased 
by the additional logic gates; read operations now require 
a minimum DEN pulse equal to 200ns plus the propaga- 
tion delays of two logic gates, a one-shot, and the input 
latch; write operations now require a minimum delay from 
address valid to WR enable equal to the propagation de- 
lays of two gates anda minimum WR pulse of 200ns plus 
the propagation delays of two gates and the output latch. 


00-7 8 


OUTPUT 


AO 


A2 


A3-A7 § 


CHIP SELECT 
DECODE 


INTERRUPT REQUESTS 


Note that one shots are used to drive the strobes on the 
latches. This is necessary so that the falling edge of the 
strobe occurs while the data is still active on the bus; 
otherwise, the propagation delays of the additional gates 
would cause the latches to close after the data had been 
disenabled. 


FUNCTION 
ENABLE 


w 


FIGURE 3. TYPICAL HOST TO HS-3282 INTERFACE LOGIC USING AN EIGHT BIT DATA BUS 
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Address Decoding 


The system in Figure 3 will have the same functional 
addresses as the system in Figure 1 except that in this 
case each particular byte of each register has its own 
address. Therefore, the FIFO is still located at addresses 


Low Byte 
1st Word 


High Byte 
1st Word 


Low Byte 


High Byte 
2nd Word | 2nd Word 


F8 (first word, low byte) and FA (second word, low byte); 
however, the high bytes must be addressed as F9 (first 
word) and FB (second word). The receivers are addressed 
in the same way as shown in Table 2. 


Low Byte 
1st Word 


High Byte | 
1st Word 


2nd Word | 2nd Word 


TABLE 2. TYPICAL HS-3282 FUNCTIONAL DECODING USING AN EIGHT BIT DATA BUS 


Conclusion 


Although it was designed for ARINC applications, the 
HS-3282 bus interface circuit is a very versatile device, 
capable of serving any type of communications purpose. 
Its high speed capability and its high reliability make it 
especially useful in scientific and real time operations 


where large volume data gathering and time critical trans- 
mission of control signals is required. These qualities, in 
combination with the simplicity with which the device 
may be incorporated into a system, make the HS-3282 a 
wise choice for a wide spectrum of applications. 


ARINC Specification 429 A Brief Overview 


ARINC Specification 429, otherwise known as the Mark 33 
Digital Information Transfer System (DITS), is a definition 
of standards used extensively by the air transport industry 
for the transfer of digital data between avionics systems 
elements. Systems utilizing this standard have been 
installed in a wide range of aircraft including the Boeing 
737, 747, 757, and 767; the European Airbus; Bell 
Helicopter; and a large number of small aircraft. 
Replacing the earlier ARINC Specification 419 which had 
standardized the various forms of serial transmission 
developed during the emergent period of digital avionics 
technology, Specification 429 eliminates much of the 
previous confusion by defining the standard for a single 
form of serial transmission. 


According to Specification 429, digital data is transmitted 
via a differential signal over a uni-directional bus com- 
posed of two twisted and shielded wires. The data is sent 


in thirty-two bit words, each word containing a parity bit 
and an eight-bit label that defines the flight function to 
which the remaining data pertains. This data, encoded in 
either numeric (binary or BCD) or alphabetic (ISO No. 5) 
format, is further divided into various fields according to 
label type. In order to completely standardize communi- 
cation and prevent conflicts, all flight functions have been 
assigned a particular label and data format. 


The ARINC Specification 429, by defining a single stan- 
dard for the transfer of digital information, eliminates the 
need for complex interfaces between avionics systems 
produced by different manufacturers. This provides those 
avionics components that conform to this standard with a 
virtual “plug-in” capability, and gives such components a 
certain measure of universality. For more information 
about this specification, contact Aeronautical Radio, Inc., 
2551 Riva Road, Annapolis, Maryland 21401. 
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Microprocessor 


DESIGN OF CLOCK GENERATORS FOR USE WITH COSMAC 
MICROPROCESSOR CDP1802 


Author: D. Hillman 


Introduction 


Clock signal generation for the CDP1802 COSMAC 
Microprocessor is simple and straightforward. The CDP1802 
features of static operation, single-phase clock input, and the 
on-chip oscillator amplifier make practical the use of a low- 
cost, highly stable, crystal-controlled oscillator as its clock 
generator. The design of external oscillators for this purpose, 
crystal or RC controlled, is equally straightforward and they 
require only minimal circuitry. In addition to the oscillator 
amplifier, the CDP 1802 incorporates all necessary start/stop 
logic on-chip. This application note describes clock genera- 
tor designs suitable for various applications. 


Crystal Oscillator Design 


The basic oscillator circuit for the CDP1802 consists of the 
on-chip amplifier and an external feedback network as 
illustrated in Figure1. For oscillation to occur, the gain of the 
amplifier (a) times the attenuation (8) of the feedback 
network must be greater than or equal to one. In addition, 
the total phase shift through the amplifier and feedback 
network must be equal to N times 360 degrees, where N is 
an integer. Oscillations occur in any system in which the 
amplified signal is returned in phase to the amplifier after 
being attuned less than it was originally amplified. 


| 180° 
———— PHASE SHIFT ————>> 


Vin Vout 


(GAIN = a) 


(ATTENUATION = f) 


FEEDBACK 
ORK 


i 


| 180° 
t——- PHASE SHIFT ———- 


axBp21 


FIGURE 1. BASIC OSCILLATOR CIRCUIT 
The frequency stability of an oscillator is primarily dependent 
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upon the phase-changing properties of the feedback net- 
work. Because of their high Q and inherent frequency stabil- 
ity, quartz crystals are commonly used in the feedback 
network. 


A parallel resonant oscillator circuit is shown in Figure 2. The 
phase angle for the type of feedback network shown in this 
figure is extremely sensitive to a change in frequency, a con- 
dition necessary for stable oscillation. If the equivalent resis- 
tance of the crystal is in fact zero (infinite Q), a change in 
phase angle of the feedback circuit would not cause any 
change in oscillator frequency. Therefore, for an oscillator of 
highest stability, the Q of the crystal should be as high as 
possible. In general, Q increases with increasing frequency. 


OPTIONAL 


F concen cccnncasvevacesoucccencoeencessecece : Voo Voo = Vcc 


FEEDBACK 
NETWORK 


BUFFERED ; 
CPU CLOCK } 


I 1 (1/6 CD40698) 


OHOCHSSOSLEEOOUOLECOHEEROTESL 


OSCILLATOR } 
AMPLIFIER 


Conccccracanansaseseseeeeever 


Tocccocescocesosvosccccsaccenvesenenooerese® 


FIGURE 2. PARALLEL RESONANT OSCILLATOR CIRCUIT 


The crystal load capacitance, C,, is defined as the series 
sum of C, and Co. Higher values of crystal load capacitance 
generally improve frequency stability, but also increase 
power consumption. The choice of equivalent load capaci- 
tance (usually specified to the crystal suppliers) only fixes 
the series sum of the two capacitors C, and Co. The value of 
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~ the amplifier output capacitance C, should not be fixed. A. 


trimmer should be connected in parallel with, or used in 
place of, a fixed output capacitor to permit compensation for 
variation in stray capacitance and circuit. component values. 


The required capacitance range for the oscillator trimmer 
capacitor is determined by the variation in oscillation fre- 
quency with load capacitance. The total trimming range is 
mainly a function of the crystal characteristics. For a more 
detailed analysis, see Reference 4. 


Practical Oscillator Circuits 


The amplifier, feedback network, and crystal considerations 
discussed in the preceding paragraphs can be combined for 
the design of a crystal-controlled oscillator for the CDP 1802. 
The majority of microprocessor applications do not require 
the frequency of oscillation to be so exact as to require oscil- 
lator trimming. An “untrimmed” crystal oscillator will be within 
1% of its specified crystal frequency. For most microproces- 
sor applications the following simple guidelines can be used. 


1. The crystal should be connected between terminals 1 
and 39 of the CDP 1802. 


2. For crystal frequencies between 100KHz and 6.4 MHz, a 
10 to 22 megohm feedback resistor should be used in 
parallel with the crystal. 


3. Capacitors C, and Cy are not required but a value of 
between 20 and 30 pF for each is recommended to 
improve stability. 


It should be noted that the on-chip oscillator and timing gen- 
erator are capable of operating at frequencies higher than 
the microprocessor maximum operating frequency. For reli- 
able operation, the crystal frequency must always be less 
than or equal to the maximum operating frequency specified 
in the CDP 1802 data sheet. 


A practical example, the CDP18S020 Evaluation Kit oscilla- 
tor, consists of a 10 megohm feedback resistor and a 2MHz 
AT cut crystal, both connected in parallel across terminals 1 
and 39 of the CDP1802. (Crystal: Part No. X023303; 
C,=15pF; Series M1; holder, series HC330; made by 
Turotel, Inc., 13402 S. 71 Highway, Grandview, Missouri 
68030.) Provisions for oscillator capacitors are made in the 
Evaluation Kit, but their use is not required. The increase in 
oscillator stability with respect to supply voltage that can be 
obtained by adding the capacitors is shown in Figure 3. 


7) Q=50-100K, TYPICALLY 


5 
& 
£ 
3 
} 
3 
3 


LOAD CAPACITANCE — PICOFARADS 


FIGURE 3. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 
AS A FUNCTION OF LOAD CAPACITANCE VALUE. 


CHANGE IN FREQUENCY Af /AV — PARTS PER MILLION 


resistor in the feedback network. Figure 4 shows the rela- 
quate value for the feedback resistor. 
EHH 
FIGURE 4. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 


tionship between the feedback resistor value and oscillator 
esac TTT 
oe TT ip 
0.01 0.1 } 10 60 
AS A FUNCTION OF FEEDBACK RESISTANCE 


The amplifier stability also depends upon the value of the 
Stability. The curve indicates that 10 megohms is an ade- 
Fo i ee 
FEEDBACK RESISTANCE — MEGOHMS 
VALUE. 
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External Clock Generators 


For low-frequency applications (less than 500KHz) a cost- 
effective approach may be to use external RC-controlled 
oscillators. Three simple RC-controlled oscillators that may 
be used to clock the CDP 1802 are shown in Figure 5. When 
an external clock is used in high-noise environments, a 20 to 
30pF capacitor between terminal 39 (XTAL) of the CDP 1802 
and ground may be used to increase the microprocessor 
noise immunity. 


Vin -V 
r=-non| moot 


(Vpp + Vorope)” 
© xe TL 
a 


(a) 


(1/3 CD4069B) 


Vop 


4} S| 6] 14) 


CD4047A T=4.4RC 


(b) 


R 
oe 
(1/4 CD4093B) 


(c) 


FIGURE 5. THREE SIMPLE RC-CONTROLLED OSCILLATOR 
CIRCUITS SUITABLE FOR USE AS EXTERNAL 
CLOCK FOR CDP1802 MICROPROCESSOR (OUT- 
PUT CONNECTED TO PIN 1 THROUGH 
EVALUATION KIT P2-W). 

(a) INVERTER TYPE OSCILLATOR (SEE REFER- 
ENCES 5 AND 6). 

(b) RC OSCILLATOR USING DIGITAL IC CD4047A 
(SEE REFERENCES 5 AND 6). 

(c) SCHMITT-TRIGGER-TYPE RC OSCILLATOR 
(SEE CD4093B DATA SHEET). 


The selection of the R and C should be compatible with sys- 
tem requirements. The capacitor should be non-polarized 
and have low leakage. There is no upper limit for either R or 
C values to maintain oscillation. However, C should be larger 
than the inherent stray capacitance. R must be larger than 
the output impedance of the COS/MOS device, which is typ- 
ically hundreds of ohms. In addition, with very large values of 
R, some short-term instability with respect to time may be 
noted. Based on these considerations recommended values 
for these components are: 


C - greater than 100pF, up to any practical value 
R - greater than 10 kilohms, but less than one megohm 


With large values of R and C, the circuit in Figure 5(c) can be 
used. This circuit, because of its hysteresis, eliminates multi- 
ple output pulses caused by noise on the input RC wave- 
form. For a more detailed analysis, see References 5 and 6. 


Clock Buffering 


In some applications it may be desirable to supply the CPU 
clock signal to other system components. In such cases the 
loading on the oscillator circuit should be minimized by buff- 
ering the clock through a COS/MOS inverter, as shown in 
Figure 2. The loading presented by the inverter will be 
mainly capacitive, about 5 picofarads, and can usually be 
neglected in non-critical designs. The buffer should be 
located close to the crystal in order to minimize stray capaci- 
tance. 


When the crystal oscillator is being trimmed to its desired 
frequency, the buffered clock technique should also be used 
to prevent the oscillator from being loaded by the frequency 
counter. 


References: 
1.CDP1802 data sheet. 
2. CD4047A data sheet, File No. 623. 
3. CD4093B data sheet, File No. 836. 


4. “Timekeeping Advances Through COS/MOS Technol- 
ogy”, ICAN-6086. 


5. “Using the CD4047A in COS/MOS Timing Applications”, 
ICAN-6230. 


6. “Astable and Monostable Oscillators Using Harris COS/ 
MOS Digital Integrated Circuits”, ICAN-6267. 
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Harris Digital 


USER’S GUIDE TO THE CDP1879 AND CDP1 879C1 CMOS 
REAL-TIME CLOCKS 


Author: D. Derkach 


Introduction 


The CDP 1879 and CDP1879C1 Real-Time Clocks’ are 24- 
pin devices, each consisting essentially of a long string of 
counters that supply standard clock time and date informa- 
tion in BCD format, Figure 1. In addition, the CDP1879 fea- 
tures an alarm circuit that activates the interrupt output pin 
and a separate clock output pin that provides a programma- 
ble square-wave output signal. Both the internal-alarm and 
clock-out signals can trigger the interrupt output pin, so that 
a status register is available to indicate the interrupt source. 
Users can supply a signal to the power-down pin that allows 
the interrupt-output pin level to control external power-down 
and wake-up circuits. Software generally required by other 
real-time clocks to prevent clock rollover is eliminated by a 
transparent “freeze” circuit that assures data integrity when 
accessing the clock. The clock’s counters, plus a control reg- 
ister that regulates operation, are individually selectable 
using three address lines. Internal control signals governing 
read and write operations are selected through the Il-O/MEM 
pin, which places the device in a memory-mapped or 1/O- 
mapped mode of operation. 


The real time clocks were designed using Harris PaCMOS 
standard-cell approach and are manufactured under a sili- 
con-gate CMOS process. Both the CDP1879 and 
CDP1879C1 have guaranteed dc and dynamic parameters 
that allow operation at temperatures of -40 to +85°C in a 
plastic package. In addition, both versions can operate in a 
ceramic package from -55 to 125°C (see data sheet! for 
complete static and dynamic values). 


The CDP1879 operates from a supply of 4 to 10.5 volts. It 
accepts a parallel resonant crystal or will keep time with an 
external clock source. Crystal frequencies are 
1.048576MHz, 2.097152MHz, and 4.194304MHz. The 
CDP1879C1 is the lower voltage version with an operating 
voltage range of 4 to 6.5 volts. Like the CDP1879, it also 
operates with either an external clock source or at the same 
crystal frequencies. It can also run with a 32,768-Hz crystal. 


Interfacing - Hardware Considerations 
VO-Control and Device-Enable Pins 


The real-time clocks, shown in block diagram form in Figure 
1, are designed to interface directly to Harris CDP1800- 
series processors (described briefly below). Therefore, pin 
labels on the clocks, Figure 2, match the pin names of these 
processors. Figure 3 indicates clock I/O control and direction 
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pins; the functions of these pins are explained immediately 
below. Figure 4 is an |/O-control and device-enabled sche- 
matic. Table 1 shows I/O pin connections. 


TPA (Timing Pulse A) - TPA refers to a timing'signal from 
the CDP1800-series processors that occurs early in the 
machine cycle, and that is used to latch the processor's mul- 
tiplexed high-order address. In the real-time clock, this pin 
carries a strobe input used to latch the value of the CS pin. 
In memory-mapped operation, the pin may be tied high, 
requiring that CS be heid for the duration of each read or 
write cycle. When the I/O-mapping mode is selected, this pin 
must be pulsed when the CS input is high. 


CS (Chip Select) - The chip-select pin is an active high input 
that is used to enable the clock. 


l-O/MEM (VO or Memory-Mode Select) - This pin is tied low 
to place the clock in the memory-mapped mode, and high 
when I/O operation is desired. Most processors will use the 
memory-mapped mode of operation. 


RD (Read) - When the clock is in the memory-mapped 
mode, RD is an active low signal that enables data from the 
counters or status register to be placed on the data bus for 
the processor to read. When the clock is in the I/O mode, the 
read operation occurs when RD is ) is high; a write operation 
occurs when RD is low and TPB/WR is high. 


TPB/WR (Timing Pulse B/Write) - TPB refers to a timing 
signal from the CDP1800-series processors that appears 
late in each machine cycle and that is used to write data into 
accessed peripherals. When the clock is in the memory- 
mapped mode, TPB/WR is an active low signal used to write 
data into the clock’s counters or control register. During I/O- 
mapping, a high level on this pin allows data latched on the 
trailing edge of the signal to be written into the counters or 
register. 


CD1800-Series Interface 


The clocks interface to CDP 1800-series processors that use 
memory-mapping and 1/O-mapping techniques to communi- 
cate with peripherals and memory. Memory-mapping implies 
address-line decoding to select memory locations and chip 
selects. With this technique, the real-time clock’s counters 
and registers are treated as memory locations. Read and 
write signals are active low. The CDP1800-series proces- 
sors include three separate N-lines that are active during the 
14 V/O instructions. These instructions are memory refer- 
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enced so that data traveling in either direction is transferred 
between the peripherals and memory. 

When I/O instructions are executed, the memory location is 
the reference for data transfer. Therefore, when an output 
instruction is performed (write cycle) the processor's RD line 


FREEZE 


CIRCUIT 


TA 
on L 


XTAL OSCILLATOR PRESCALE 
e : 
PRESCALE CLOCK 
SELECT SELECT 


INT. STATUS 
REGISTER 


I/O 
INTER- 
FACE 


080-087 


ADDRESS DECODE 
AND 


CONTROL LOGIC 


a 
o 


oO 
wn 


POWER DOWN 


is activated and puts the data in memory onto the data bus. 
Late in the same cycle, the TPB from the processor is used 
to write data into the peripheral. An input instruction (read 
cycle) allows external data to be placed in memory. The pro- 
cessor’s WR line is activated, and the data is written in. 
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FIGURE 1. BLOCK DIAGRAM OF REAL-TIME CLOCK 
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FIGURE 2. REAL-TIME-CLOCK PIN FUNCTIONS 
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FIGURE 4. VO-CONTROL AND DEVICE-ENABLE SCHEMATIC 


TABLE 1. VO PIN CONNECTIONS 
. DP1879 PIN 


1-O/ 
PROCESSOR TPA MEM 
Harris CDP1800-series | TPA (Note 1) } Hi or decoded address Vss MAO, MA1, MA2 
(Memory-mapped) 
Harris CDP1800-series N or decoded N lines TPB Se 


(I/O mapped) 


CDP6805 Hi or decoded address | DS | Vp BO(Note 2), B1, B2 
Hi or decoded address 
8085/NSC800 ALE(Note 1) | Hi or decoded address 


1. May be connected to VDD when CS is externally latched. 
2. Latch externally. 
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Figure 5 shows a typical memory-mapped interface utilizing 
the CDP 1802. This interface places the clock and counter- 
timer in selectable 4k memory blocks. Figure 6 shows the 
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COPI802A ADDRESS LATCH 
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— 


(a) 
FIGURE 6. 8085 INTERFACE AND TIMING: (a) MEMORY-MAPPED INTERFACE, (b) VO-MAPPED INTERFACE, (c) TIMING CYCLES 


interface of the clock to an 8085 processor, Figure 7 the 
interface to a CDP6805, and Figure 8 the interface to a Zilog 
Corporation Z-80®. 
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> FIGURE 8. ZILOG CORPORATION Z-80® INTERFACE TO THE 
AD BUS DATA CDP1879 


<A ESSERE, CMMI ld gil eae 
Figures 9 and 10 show read and write-cycle timing wave- 
Ds ee es 2 forms, respectively. The read and write limits shown must be 
observed to successfully access the clock. Three of the 
(b) characteristics, hold after read and write, and read access 
time, may represent critical limit values when the clock is 
interfaced to processors operating at their maximum fre- 

quency limit. 


LIMITS (ns) 


MINIMUM (Note 2) 


FIGURE 7. CDP6805 VO-MAPPED INTERFACE (a), AND 
TIMING DIAGRAM (b) 


READ CYCLE TIMES (Note! ) 


NOTES: 1. Characteristics at T, = -40°C to +85°C; Vop = 5V +5%; Input t, , t = 10ns; C, = 50pF and 1 TTL load. 
2. Time required by a limit device to allow for the indicated function. 


(a) 


TPA 


— me a a 


(b) 
FIGURE 9. READ-CYCLE TIMING CHARACTERISTICS (a), AND WAVEFORMS (b) 
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WRITE CYCLE TIMES (Note 1) 


Address Setup to Write 
Write Pulse Width | 


Address Hold After Write 
Data Hold After Write 
Chip Select Setup to TPA 


NOTES: 


MINIMUM (Note 2) 


Data Setup to Write a OG a Nae a SO oe 
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LIMITS (ns) 


1. Characteristics at T, = -40 to +85°C; Vop = 5V +5%; Input t, , | = 10ns; CL = 50pF and 1 TTL load 


2. Time required by a limit device to allow for the indicated function 
(a) 


TPA 


ADDRESS/CHIP SELECT 


DATA TO REAL TIME CLOCK 


taH 


(b) 


FIGURE 10. WRITE-CYCLE TIMING CHARACTERISTICS (a) AND WAVEFORMS (b) 


Output Hold After Read (t,;,) 


When multiplexed bus processors, in which address and 
data share the same pins, are interfaced to the clock, the 
output-hoild-after-read parameter (230 nanoseconds) may 
cause bus contention. As an example, at 5MHz, the 
CDP6805 requires data to be off the bus within 160 nano- 
seconds after data strobe. The 8085A operating with a 6- 
MHz crystal requires 150 nanoseconds after read. Since the 
clock may hold data for 230 nanoseconds, bus contention 
may occur if these processors are interfaced to the clock at 
their maximum operating frequencies. 


Data Hold After Write (t,,,) 


The real-time clocks require that data be held after the trail- 
ing edge of the write pulse for 150 nanoseconds. Neither the 
8085/NSC800, Z-80® , nor CDP6805 meet this requirement 
at their maximum operating frequencies. 


Data Access From Read (ty,) 


The clock will supply data a maximum of 375 nanoseconds 
from the leading edge of the read pulse. The data set-up 
requirements for processors operating at their maximum 
frequencies may require faster access. 


Hold and Access-Time Solutions 


All of the above parameters are frequency dependent. Often, 
simply lowering the frequency when accessing the clock will 
solve any timing problems. Access times can be extended by 
inserting wait states. Write and read-hold-time problems are 
more difficult to correct; glue parts, such as latches and buff- 
ers, are required to meet the requirements of these timing 
parameters. 


Interfacing - Software Considerations 
Programming Model 


Figure 11 illustrates the counters, alarm latches, and regis- 
ters that must be accessed to write in and read out time and 
date information. The functions are selected through internal 
decoding of three address lines. Table 2 contains the register 
access codes for different combinations of address inputs. 
Figure 12, a programming model of the same registers, 
shows their read and/or write availability. These address 
lines and data lines, in conjunction with the I/O control pins, 
constitute the interface to the clock. 


When the clock is configured for memory-mapped operation, 
it can be considered as six memory locations that reside in 
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an area of memory determined by the definitive decoding of 
the upper address bits. The clock’s i/O-mapped mode 
utilizes the N-lines (i/O lines) and I/O instructions of the 
CDP1800-series processor. The processor’s N-lines are 
decoded for use as a chip select, and in a two-level scheme, 
are also used as the address input signals. 


When other processors are interfaced to the clock, the clock 
will generally be placed in its memory-mapped mode. An 
exception is interface with the CDP6805, where the clock is 
usually wired for I/O operation. 


Writing to and reading from the clock is as straightforward as 
accessing memory. Software considerations regarding clock 
rollover (when the one-second clock may pulse the counters 
during read or write cycles) are eliminated by utilizing the 
freeze circuit (described below), which requires only one 
additional instruction. Use of the freeze circuit eliminates the 
software burden of looking for a signal or register bit that 
guarantees valid data. A write cycle with address 1 and don’t 
-care data before any series of counter accesses (read or 
write cycles) assures that the one-second clock has been 
held and will not interfere with accesses for 250 


milliseconds. 
SECONDS-TO 
4] MONTHS 
COUNTERS 


ALARM 
LATCHES 


PWR DWN ~? 
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INTERRUPT <-0+0—Vpop 


SLL 


CLOCK OUT 


CLOCK OUT 
CONTROL 
‘REGISTER 
STATUS 
REGISTER 


BIDIRECTIONAL 
DATA BUS 


FIGURE 11. FUNCTIONS THAT MUST BE ACCESSED TO 
WRITE IN AND READ OUT TIME AND DATE 
INFORMATION 


Freeze Circuit 


The freeze circuit is designed to allow the user easy access 
to the real-time clock without the fear that clock rollover will 
cause erroneous time data. Clock rollover problems occur 
during counter reads while the asynchronous one-second 
clock input to the counter-divider chain is ripping through the 
counters. 


As an example. in Figure 13(a), the one-second clock is 
about to set the time to 0 seconds, 0 minutes and 3 hours. A 
read is performed, and the hours counter indicates 2 hours. 


But before the second and minute counters are read, the 
one-second clock ripples through them, with the result that 
the counters hold the time shown in Figure 13(b) . When the 
seconds and minutes counters are read (b), their values are 
correct, but the hours time, read before the ripple, is 1 hour 
off. It is apparent that this type of error can be a substantial 
problem, particularly if the date and month counters are 
involved. 


WRITE AND READ REGISTERS 


WRITE ONLY REGISTERS 


SECONDS COUNTER CONTROL REGISTER 
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FIGURE 12. PROGRAMMER’S MODEL OF THE REGISTERS OF 
FIGURE 


Operation 


The counter-series string is clocked by the negative transi- 
tion of the one-second clock. This clock transition must pass 
through the freeze circuit before toggling the counter-series 
String, as shown in Figure 14. The freeze circuit creates a 
“window” 250 milliseconds wide shown as time (A) in Figure 
15. If the counter reads or writes (for addresses other than 
address 7) are performed during this window, the clock tran- 
sition is held and is not allowed through the freeze circuit 
until time (C) Figure 15, when the transition is inserted into 
the counter series string. If counter accesses are initiated 
just before the one-second-clock transition, the clock would 
toggle the counters 250 milliseconds later. Therefore, a 
requirement when using the real-time clocks is to finish 
operations within 250 milliseconds of the initial access. 


If the clock is accessed during time (A), Figure 15, and then 
accessed again at time (C), when the counter is allowed to 
toggle, ripple problems would occur. To preclude this 
problem, a second window is created by the freeze circuit 
during time (B). This window will allow a write to address 1 to 
immediately reset the freeze circuit and clock the counters. 
Subsequent accesses to the real-time clock will occur well 
after the clock has rippled through the counters. 


If read or write operations are performed during time periods 
other than (A) or (B), the freeze circuit is not functional. 


Figure 16 shows a simplified freeze circuit (a), and the 
sequence of freeze-circuit operation (b). 
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TABLE 2. REGISTER TRUTH TABLE 


ADDRESS ACTIVE SIGNAL 


TPB/WR 


BIT 3 CONTROL 
REGISTER 


REGISTER OPERATION 


lE-EEHE lef 
tele 
-|-fet-flell-felet fet 
Hey 


59 59 02 00 00 03 
1 SECOND 
CLOCK READ READ  —- READ 
(a) (6) 


FIGURE 13. FREEZE-CIRCUIT READ EXAMPLE 


wee 


FREEZE 
3 fa pean) HEHE HaHa 


FIGURE 14. COUNTER SERIES STRING 


1 SECOND 
| 
~<-( Ayetent B)-e!(c) 
| 


FIGURE 15. FREEZE-CIRCUIT TIMING WAVEFORMS 
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WRITE 


NOT ACCESSING 
CONTROL REGISTER 


@ 500 MS 1 SECOND 


500 ms © 
[+ 
1SECOND (© 
@ 
WRITE 
ADDRESS 1 = i 
® 


1SECOND© (©) 500MS 


7 
— 


1s > 
FROM 
PRESCALER 

& 


FIGURE 16. SIMPLIFIED FREEZE CIRCUIT (a), AND FREEZE-CIRCUIT OPERATION (b) 


NOTES: 
1. Set freeze during time period A, (one second clock is held high) 
2. Reset freeze at time period C, 


3. or during time period B if address 1 is present during a write cycle 


Restrictions on Accuracy 


The data sheet for the real-time clock states that when the 
seconds counter is written to, the last 7 stages of the pres- 
caler are reset, resulting in a 10-millisecond accuracy. Nor- 
mally, the seconds counter will be clocked 1 second from the 
time of the write to the seconds counter. However, if the 
freeze circuit has been activated, this sequence may not 
occur, therefore, to assure the 10-millisecond accuracy, the 
following procedure should be used: 


1. Write to seconds counter - don’t care data - address 2 
2. Dummy write - don’t care data - address 1 
3. Write to seconds counter - valid data - address 2 


The mild restrictions on accesses to the real-time clock 
require no additional software or hardware considerations to 
assure data integrity. In all other known clocks, software 
solutions to clock rollover problems range from reading and 
comparing the time data twice to sampling register values. 
Hardware solutions vary between stopping any internal clock 
updates to monitoring output-pin transitions. The addition of 
an address 1 write operation preceding accesses to the 
CDP1879 real-time clock in conjunction with the require- 
ments to finish accesses in 250 milliseconds will guarantee 
stable and accurate time data. 


BIT 


SELECTS ONE 
OF 15 CLOCK 
OUT SIGNALS 


Register Descriptions 


The real-time clock contains a control register to configure 
its operation, and a status register to identify interrupts, five 
registers or counters to hold the time from seconds to 
months, and three additional registers that are referred to as 
alarm latches, which hold the alarm time. 


Control Register 


The control register is a write-only register that shares the 
same address as the status register, address 7. A brief 
explanation of the functions of the eight bits in the control 
register are shown in Figure 17; more detail is given in the 
paragraphs that follow. 


Bits 0 and 1 - Frequency Select - The logic levels in bits 0 
and 1 are decoded and used to select the appropriate input 
to the last 14 stages of the prescaler chain, Figure 18. Their 
selection must match the crystal or external clock source 
used to drive the oscillator selection of the real-time clock. 


Bit 2 - Start/Stop - As shown in Figure 18, a 1 in bit 2 
enabies the input to last through 14 stages of the prescaler 
chain. A zero in this position inhibits counting. 


SELECTS DIVIDER 
IN PRESCALER 
CHAIN 


ENABLES COUNTING 


DETERMINES DATA TRANSFER TO/FROM 
TIME OR ALARM REG. 
ALSO ENABLES ALARM. 


FIGURE 17. CONTROL REGISTER 
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XTAL 
XTAL 


BIT 0 - 


BIT 1 


ted 


a 


ONE SECOND 
OUT TO 
SECONDS 
COUNTER 


BIT 2 
START/STOP 


Bit 0 Bit 1 Bit 2 
0 0 32,768 Hz 0 Stop Counter 
1 0 1.048576 MHz 1 Start Counter 
0 1 2.097152 MHz 
1 1 4.194304 MHz 


FIGURE 18. FREQUENCY-SELECT OPERATION 


Bit 3 - Counter/Latch Control - Figure 19 is a simplified 
diagram of the counter/alarm latch access. Bit 3 has two 
functions. First, if set to zero, it directs written data to the 
time counters. If set to 1, data is written into the alarm 
latches. This bit function is necessary because the time 
counters and their comparable alarm latches have the same 
addresses. The second function of bit 3 is to enable the 
alarm-out signal. An alarm signal (interrupt output low and 
bit 7 set in the status register) will only appear if this bit (bit 
3) is a logic 1. 


Bits 4, 5, 6 and 7 - Clock Select - Figure 20 is a block dia- 
gram of the clock-out select function; Figure 21 is a table of 


BIT 3 


IN 
CONTROL 
REGISTER 


COMPARATOR 


clock-out selections. Bits 4, 5, 6, and 7 are decoded, and 
enable the required prescaler or time counter output to tog- 
gle the clock-out pin. 


Status Register 


The status register, Figure 22, is used to indicate the inter- 
rupt source. Bits O through 5 are held low. Bit 6 high indi- 
cates that a programmed negative clock-out transition has 
occurred, and bit 7 high identifies the alarm circuit as the 
interrupt source. These bits are reset by an external reset or 
by writing to the control register. Note, in Figure 23, the delay 
of approximately 30 microseconds before the alarm signal 
sets bit 7. 


ADDRESS 
BUS 
IN 


RESET 


ALARM SIGNAL 
TO INTERRUPT 


REGISTER 


DEBOUNCE 
LOGIC 


FIGURE 19. SIMPLIFIED DIAGRAM OF COUNTER/ALARM LATCH ACCESS. 
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ONE SECOND TICK 


TIME 
COUNTERS 


22 STAGES ~ 2 
! 2048 KHZ 


TO CLOCK OUT AND 
INTERRUPT OUT PIN 


ONE OF 15 
ENABLING 
SIGNALS 


DECODER 


FIGURE 20. BLOCK DIAGRAM, CLOCK-OUT SELECT 


COUNTER/LATCH CONTROL 
START/STOP CONTROL 
FREQUENCY SELECT 


— CLOCK SELECT — 


-Out Waveform 

— ar 7 Frequency Ciock (of 15) 
00 0 0 Deselect Sal ee 
00 o 1 498.2 ys —lMlUL_... 
oo 1 1 1953.1 4s ' sa 
| 0 O 3906.2 us 

0 1 0 1 7812.5 Ls { 

0 1 1 #0 15.625 ms : 

0 1 1 1 31.25 ms 

10 0 0 62.5 ms ! 

1 O 0 1 125 ms i 

10 #1 #0 250 ms 

10 1 1 500 ms 

1 #1 0 6 6(—OO Sec. 1 

1 1 #0 1 Min. 

1 1 1 0 Hour i 

1414 144 Day _J ‘uns |_tzwas [ 

FIGURE 21. CLOCK-OUT SELECTIONS 
V7) ) DATA B6 


READ STATUS 
REGISTER DATA BO 


CLOCK 
OUT 
SIGNAL 


DATA B1 


DATA B2 
WRITE CONTROL 
1HZ 16 KHZ REGISTER 
RESET 
— DATA B3 
DATA B4 
DATA B7 
ALARM 
STROBE DATA B5 
ALARM READ STATUS 
REGI 
SIGNAL GISTER READ 
STATUS 
INT OUT 
RESET 
OR WRITE TO 


CONTROL REGISTER 


FIGURE 22. STATUS REGISTER 
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! | ' 
‘ { | i) 
_EZR . 
ine eae 
a eae ee 
ALARM \ 
STROBE 


A 
SIGNAL 
J 


| 
LARM KZA { 
{ 


INT OUT y | 
RESET | 


FIGURE 23. DEBOUNCE WAVEFORMS 


Operating Sequence 


Although accessing of the clock is similar to accessing of 
memory, certain procedures should be followed when writing 
the data to assure correct operation. 


The control register is accessed first to set the operating 
characteristics and to direct subsequent accesses to the 
counters or alarm latches. The upper nibble of the control- 
register byte selects one of 15 square-wave output signals 
that appear at the clock-out pin. If a clock-out is selected 
before the time counters are accessed and loaded, an inag- 
vertent interrupt may be generated. To preclude this occur- 
rence when the interrupt signal is utilized, the upper nibble of 
the control register byte is set to zero during the initial con- 
trol-register write cycle. The time counters and/or alarm 
latches are then loaded. The control register is then written 
to again, and the value in the upper nibble selects the 
required clock. 


Data Format Required (BCD) 


1. Seconds and Minutes counters and alarm latches 00 to 
59 


2. Hours counter: 01 to 12 for AM/PM 
00 to 23 for 24-hour time 
Bit 7:0 =AM,1=PM 
Bit 6: 0 = 24 hour, 1 = 12 hour 


Hour alarm latch: 01 to 12 for AM/PM, 00 to 23 for.24 
hour. 


12 hour (AM/PM): Bit 7: 0 = AM, 1 = PM 


If the time counter is set for 24-hour time, bit 7 is don’t 
care. 


3. Day-of-month counter: 01 to 28, 29, 30 or 31. 
4. Month counter: Jan. = 1, Dec. = 12 

Bit 7: 0 = No leap year, 1 = leap year 
Setting the Time 


The time counters, from seconds to months, are accessed 
and written into using the procedure described below. Data 
entered is in BCD format. For example; 12 seconds in the 


seconds counter would be represented as 00010010. The 
hours counter, however, utilizes its upper bits for AM/PM 
designation and 12/24-hour selection. Moreover, bit 7 in the 
months counter is set by the user to indicate leap year. All of 
these bits must be set as required in addition to the BCD 
hour and month information. For example, if 4 PM is written 
to the hours counter, a BCD code of 00000100 for the hours 
plus a 1 in bits 6 and 7 to enable PM and 12-hour operation 
would require a data byte of 11000100 (Hex C4). 


Procedure to Set the Time 


1. Chip selected and address 7 present on the address lines 
to access the control register. 


2. Write to control register with the required data byte. Bit 3 
must be set to zero. 


3. Use addresses 2 to 6 to access seconds-to-months 
counters, in any order, and load appropriate data byte. 
(BCD data plus bits 6 and 7 in hours counter and bit 7 in 
month counter.) 


4. Writing to the seconds counter resets the last 7 stages of 
the prescaler, thereby setting an accuracy of 10 millisec- 
onds. 


Setting the Alarm 


Figure 24 shows the alarm logic. As previously described, bit 
3 in the control register must be a 1 to direct subsequent 
data to the alarm latches. A comparator circuit compares the 
time and alarm latch seconds, minutes, and hour outputs. 
When this comparison is true and bit 3 in the control register 
is set to 1, an alarm is generated that activates the interrupt- 
out pin and sets bit 7 in the status register to a high logic 
level. The two most significant bits in the hours time counter 
are used for an AM/PM indication (User set for AM or PM 
with subsequent toggling every 12 hours) and to set 12/24- 
out operation. 


If bit 6, the 12/24-hour control bit, is set to zero (24-hours), a 
match of bit 7 (AM/PM) between the hours time counter and 
alarm latch is not required to generate a true comparison. 
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HOUR COUNTER 


SECONDS, 
MINUTES TRUE 
COMPARISON 


BIT 


HOUR ALARM LATCH 


BIT 3 
CONTROL REGISTER 
COUNTER/LATCH CONTROL 


16 KHZ 
DEBOUNCE 
LOGIC 


ALARM 

TO INTERRUPT 
OUT AND BIT 7 
IN STATUS 
REGISTER 


FIGURE 24. ALARM LOGIC 


When an alarm occurs, there is a delay of 30 microseconds 
before the alarm bit is set in the status register. The inter- 
rupt-out pin signal is also delayed for this period. Addition- 
ally, if a clock out was selected that also activates the 
interrupt-out in coincidence with the alarm-out signal (for 
example, clock-out set for one second and any alarm-time 
Set), the status register will indicate a clock-out transition (bit 
6 = 1) 30 microseconds before bit 7 is set to 1 in the status 
register. , 


Resetting the Interrupt-Out Signal and Status Register 


There are two methods of resetting the interrupt-out signal 
and status register once an alarm or clock-out transition has 
occurred. 


Reset Pin (Schmitt Input) 

A low on the reset pin will accomplish the following: 
1. Set the interrupt-out pin high. 

2. Clear the status register. 


3. Place 30 Hex in the hour alarm latch. This entry will pre- 
vent an inadvertent interrupt when programming the time. 


Control Register Write 


Writing to the control register sets the interrupt-out high and 
clears the status register. 


Power-Down Operation 


Figure 25 shows power-down input-control logic. A low on 
the power-down pin (Schmitt input) activates the real-time- 
Clock’s power-down function. This function is enabled at the 
trailing edge of a read or write signal and, therefore, power 
down will not occur until the read or-write cycle is concluded. 


When power down is activated, the following events occur: 
1. Read and write control signals and disabled. 


2. The data bus is placed in an input condition and logic 
transitions are ignored. (Therefore, the bus must be ter- 
minated.) _ | 


3. The clock-out signal is set low. 
4. The interrupt-out pin is tri-stated. 


The clock continues to keep time and there is no appreciable 


POWER DOWN 


change in operating power. The interrupt output will go low if 
an alarm or clock transition (internal clock transition) occurs 
after power down has been initiated. An application using 
the power-down feature to control a microprocessor’s clock 
signal is illustrated in Figure 26. This application is especially 
appealing in a CMOS circuit design where only quiescent 
current will be drawn when the processor's clock input is dis- 
abled. 


COPI879 


PIN 3 
TO POWER 


READ ENABLE 


WRITE ENABLE 


FIGURE 25. POWER-DOWN INPUT-CONTROL LOGIC 


In an operational sequence utilizing the circuitry of Figure 
26, the serial Q output of the CPU is activated after the clock 
is configured with an alarm time. The oscillator then stops 
and the device enters the power-down mode. When the 
alarm activates and the INT output is set low, the CPU resets 
and polls the EF1 flag to determine whether a cold or warm 
Start routine is in order. The control register is then written to, 
an event that resets the interrupt requests. 


Any general-purpose microprocessor can utilize the low 
operating power of the real-time clock. Typical operating cur- 
rent with a crystal-controlled oscillator at 32kHz and 5V is 
100 microamperes, and at 4MHz, 600 microamperes. The 
trade-off between high frequency and accuracy and low-fre- 
quency operation with lower power consumption must be 
resolved by the user. The ease of programming and the fea- 
tures offered by the real-time clock aid the designer and 
lower the level of programmed support required. 


7-82 


DOWN CONTROL 


Application Note 7275 


is Power Considerations 


The CDP1879 power requirements are shown in Table 3. 
The values listed are maximum limits with a Vpp of £5% and 
a temperature range of -40 to 85°C. 


Table 4 shows output drive capabilities under the same 
conditions. All inputs must meet CMOS requirements with a 
minimum high of 3.5V and a maximum low of 1.5V at a VDD 
of 5V. 


Standby Operation (Low Voltage) 


CDPI879 When utilizing an external crystal with its on-board oscillator 

cube as the frequency source, the CDP1879 and CDP1879C1 
can operate at a supply voltage no lower than 4 volts. 
However, if a 32-kHz external frequency source is provided 
at the XTAL input pin, the clock can operate in a standby 
mode down to 2.5 volts at 0 to 70°C, and 3 volts at -40 to 
+85°C. Figure 27 shows the typical minimum standby 
voltage. Figure 28 shows that the real-time clock must be 
disabled by CS (chip-select signal) a minimum of 2 
microseconds before reaching the standby voitage level, and 
enabled again after the same period of time then the voltage 
is raised again. 


BIDIRECTIONAL DATA BUS 


TO MEMORY When the clock is in the standby mode, it functions only as a 


FIGURE 26. APPLICATION OF REAL-TIME CLOCKTHATUSES timekeeping device; all read/write data accesses are 
POWER-DOWN FEATURE TO CONTROL A_ “disallowed. 
MICROPROCESSOR’S CLOCK SIGNAL 


TABLE 3. POWER REQUIREMENTS OF THE REAL-TIME CLOCK 


INPUT FREQUENCY UNITS 


Operating current with 32 kHz* : milliamperes 
crystal oscillator 1 MHz 

2MHz 

4MHz 


Operating current with F milliamperes 
external clock source 


*“CDP1879C1 only 


TABLE 4. OUTPUT DRIVE CAPABILITIES 


Data-but and interrupt-out drive milliamperes 
(Sink) 1.8 
(Source) -1.10 
Clock Out (Sink) milliamperes 
(Source) 
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TYPICAL MINIMUM TIMEKEEPING 
(STBY) VOLTAGE — 
32.768 KHZ EXTERNAL CLOCK 

{ 


Vpp (VOLTS) 


GUARANTED TIMEKEEPING 
VOLTAGE 


-40°C.<T < 85°C VDD =3V_ 
oc<sT<70°C VDD =2.5V 


-20 O 20 40 60 80 100 


TEMPERATURE (°C) 
FIGURE 27. TYPICAL MINIMUM STANDBY VOLTAGE 


Oscillator Operation 


The CDP 1879 operates with a crystal connected to its XTAL 
and XTAL inputs, or accepts an external clock source at its 
XTAL input that has a rise and fall time of less that 10 micro- 
seconds. Typical oscillator parameters are listed in Table 5; 
suggested circuits are described in Figures 29 through 32. 


STBY VOLTAGE 


MODE 


0.95 Vpp 


(a) 


Standby Characteristics - Full Standby Temperature Range 


CHARACTERISTIC 
Chip deselect to stby voltage time tusTBy) 


Recovery to normal operation time tac 


; 
istey) [MIN _[ MAX_| WIN | MAX_| UNITS 


(b) 


FIGURE 28. STANDBY-VOLTAGE WAVEFORMS AND TIMING DIAGRAM (a), AND CHARACTERISTICS (b). 


COP I879 


EXTERNAL 
FREQUENCY 


PIN 23 SOURCE 


PIN 22 


FIGURE 29. CONNECTIONS FOR CDP1879 WHEN AN EXTER- 
NAL FREQUENCY SIGNAL IS SUPPLIED 


CDPI879 


cL 


PARALLEL RESONANT 
CRYSTAL 


co = 


FIGURE 31. SUGGESTED OSCILLATOR CIRCUIT FOR 1, 2, OR 
4-MHz OPERATION 


CDPI879Cl 


eae an Tt 
FIGURE 30. SUGGESTED OSCILLATOR CIRCUIT FOR 32kHz 
CRYSTAL OPERATION 
+3V 


COPI879 


1/3 CD54/74HCO4 


FIGURE 32. TYPICAL EXTERNAL-CLOCK-SOURCE DIAGRAM 


7-84 


Application Note 7275 


Design Considerations for a Stable Crystal Oscillator 


1. Stray capacitance should be minimized for best oscillator 
performance. Circuit-board traces connected to the oscil- 
lator pins should be kept to a maximum of 1 inch, and 
there should be no parallel traces. 


2. A signal or power-source line must not cross or approach 
the oscillator-circuit line. 


3. It is advisable to put a nonelectrolytic 0.1-microfarad 
capacitor between Vop and Vsg of the CDP 1879. 


Real-Time-Clock System 


Figure 33 illustrates a working system in which the CDP1879 
is configured for I/O operation to display time in minutes and 
hours. Figure 34 shows the real-time-clock flowchart. A 
CDP1802 processor outputs instructions and data in a two- 
level device-selection scheme. An output instruction of OUT 
1 (Hex 61) activates the processors N lines, and is decoded 
by the CDP1873C to provide a chip-select signal to the 
CDP1875C output port. The data present on the data bus 
during the output instruction is latched in the CDP1875C and 
provides the chip-select signal for the clock or the 
CD22105A LCD driver. 


If no other OUT 1 instruction with different bus data is issued 
by the processor, the device will remain selected. Subse- 
quent output and input instructions will then address the 
clock, if it is selected, to read or write to its registers. When 
the LCD driver is selected, the processors OUT 2 instruc- 
tions load the driver with the display information. 


The backplane signal from the LCD driver is input to one of 
the processor's flag lines, and is sampled to flash the colon 
by placing the colon input, via the processor's Q line, in or 
out of phase with the backplane signal. The CDP1879’s 
clock-out signal is set for one second, and drives the proces- 
sor’s interrupt to turn the display colon off. A routine in the 
main program turns the colon on when the interrupt is not 
present. 


A sample program that illustrates the CDP 1879's clock-out 
signal and alarm capability is listed in Figure 35. The alarm 
routine is written to flash eights when the alarm activates. 
The clock will continue to keep time and will display it along 
with the alarm display. 


Reference 


“CMOS Real-Time Clock,” CDP1879/CDP1879C-1, 
Sheet, File No. 1360 


Harris Data 


TABLE 5. TYPICAL OSCILLATOR-CIRCUIT PARAMETERS FOR SUGGESTED OSCILLATOR CIRCUITS 


PARAMETER 


*CDP1879C1 Only 


MEMORY 


DATA BUS 


OSCILLATOR FREQUENCY 


I-O/MEM 


CDPI875C 


CD221I05A 


SELECTION 


CDPI879 61 10 
CD22105A 6! 80 


CDPI879 


FIGURE 33. REAL-TIME CLOCK SYSTEM 
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FIGURE 34. REAL-TIME-CLOCK FLOWCHART 
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... PROGRAM DISPLAYS 8:30 A.M. AND FLASHES 
. B'S AND TIME WHEN ALARM ACTIVATES 


.. AT 8:31:10. 


.. INTERRUPT ON PROCESSOR CONNECTS TO 1 SEC. 
.. CLOCK OUT ON COP1879. EF2 CONNECTS TO 
.. BACKPLANE SIGNAL ON LCD DRIVER. 
.. INTERRUPT ROUTINE IS USED TO TURN COLON OFF 
.. BY SAMPLING EF2 AND TOGGLING Q. 
.. TWO LEVEL 1/0 IS USED FOR SELECTION 
.. CLOCK IS SELECTED WITH 61 10. 
.. LCD DRIVER IS SELECTED WITH 61 80, 
. AND 62 INSTRUCTIONS LOAD DRIVER AFTER SELECTION. 


DIS; DCOOH 


LOI A.1 (ENTER) ;PHI At 
LD! A.0 (ENTER) ;PLO R1 


OUT 1; DC 010H 
OUT 7; OC 003H 
OUT 2; DC 000H 
OUT 3; DC 030H 
OUT 4; DC 048H 
OUT 7; OC 0OBH 
OUT 2; DC 010H 
OUT 3; OC 031H 
OUT 4; DC 048H 
OUT 7; OC OCFH 


SEX 0; OUT1;DC 010H 
LDIA.1 (MIN); PHI R& 
LD! A.0 (MIN); PLO R8 
SEX 8 

INP 3; PLO R7 

ANI OFH 

STXD; GLO R7 

ANI OFOH 
SHR;SHR;SHR;SHR 
ADI 010H; STXD 

INP 4; PLO R7 

ANI OFH 

ADI 020H; STXD 

GLO R7; ANI 030H 
BNZ HR 

LDI O3FH; STR R8 

BR OUT 


SHR:SHR:SHR:SHR 
AD! 030H 


.. SET INTERRUPT POINTER 


.. SELECT CLOCK 

... LOAO C.R. 

... ZERO SECONDS 

.. 30 MINUTES 

BAM. 

.. SELECT ALARM LATCH 
.. 10 SEC. ALARM 

.. 31 MIN. ALARM 

.. 8A.M. ALARM 

.. ONE SEC. CLOCK 

... ALARM ACTIVATES 1 MIN. 
.. 10 SEC. AFTER START 


... SELECT CLOCK 


.. INP MINUTES 
.. MASK UPPER 
.. STR LOW MIN. 
.. MASK LOWER 


.. ADD CHAR. POS. 
... INPUT HOURS 

.. MASK UPPER 

.. ADD CHAR. POS. 

.. MASK 6 BITS 

... CHECK FOR 0 HRS 
.. STR BLANK HRS 


.. ADD CHAR. POS. 


STR R8& 

SEX 0 

OUT 1; OC 080H ... SELECT LCD DRIVER 

SEX 8 

OUT 2; OUT 2; OUT 2;OUT2 ~~... LOAD DRIVER 

SEX 0 

RET: DC 00H ... ENABLE INT TO SAMPLE CLOCK OUT 

DIS; DC 00H ... ISABLE INT 

OUT 1; DC 010H 

SEX 8 

INP 7; XRI OCOH ... READ STATUS REG ma 

BX ALARM ... FOR ALARM Oo 

B2 ON .. COLON ON =o 
REQ: BR INPUT < 
SEQ (Ss) bad 
BR INPUT .. REPEAT = eo) 
LDIA.1 (MIN); PHI R8& o.= 
LD! A.O (MIN); PLO R8 a. 
LDI 008H; STXD ... LEAD 8'S INTO < 
LD! 018H; STXD .. LCD DRIVER 

LD! 028H; STXD 

LO! 038H; STR R8 

SEX 0; OUT 1; DE 080H; SEX 8 

OUT 2; OUT 2; OUT 2; OUT 2 

BR CHK 

SEP RO ... RETURN MAIN 

B2 OFF .. ENTER POINT FOR 

SEQ ... INTERRUPT ROUTINE 

BR SET .. COLON OFF 

REQ 

LDIA.1 (INPUT); PH! RO ... RESET P.C. 


LD! A.0 (INPUT); PLO RO 


BR BACK 


DS 3 
DS 1 


FIGURE 35. REAL-TIME-CLOCK PROGRAM 
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No. 7374 February 1992 


Harris Digital 
THE CDP1871A KEYBOARD ENCODER 


Author: D. Derkach 


The CDP1871A Keyboard Encoder! interfaces directly 
between a CDP1800-series (or other) processor and a 
mechanical keyboard array. It services up to 53 ASCll-coded 
keys and up to 32 Hex-coded keys. This note describes the 
encoder’s operation, explains its dynamic electrical 
characteristics, and features those factors that will affect 
device operation when the encoder is used with a non- 
1800-series processor. | | 


Operation 


The CDP1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic. Figure 1 
shows a block diagram of the device, Figure 2 the terminal 
diagram, and Figure 3 the control schematic; the Appendix 
contains operational information as well as recommended 
operating conditions and electrical characteristics. 


The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1 - D11) and the sense lines 
(S1 - S8). The outputs of the internal five stage scan counter 


are conditionally encoded by the ALPHA, SHIFT, and 
CONTROL inputs, Appendix Table A-1, and are used to 
drive the D1 - D11 output lines high, one at a time. Each D1 
- D11 output may drive up to eight keys, which are sampled 
by the sense-line inputs (S1 - S8). The S1 - S8 inputs are 
enabled by the internal three stage scan counter. 


The control logic interfaces with the CDP 1800-series I/O and 
timing signals to establish timing and status conditions for 
the CDP1871A. 


The TPB input clocks the scan counters, and is also used to 
reset the data available output (DA). When a valid keydown 
condition is detected on a sense line, the control logic 
inhibits the clock to the scan counters on the next low-to- 
high transition of TPB, and the DA output is set low. The 
scan-counter outputs (C1 - C8) represent the ASCII and 
HEX key codes (Appendix Table A-2), and are used to drive 
the BUS 0 - BUS 7 outputs, which interface directly to the 
CDP1800-series data bus. 
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FIGURE 1. BLOCK DIAGRAM OF THE CDP1871A KEYBOARD ENCODER 
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The BUS 0 - BUS 7 outputs, which are normally tristated, are 
enabled by decoding the CS inputs during a CPU input 
instruction. The low-to-high transition of TPB during the input 
instruction resets the DA output high. Once the DA output 
has been reset, it cannot go low again until the present key 
is released and a new keydown condition is detected. (This 
arrangement prevents unwanted repeated keycode outputs, 
which may be caused by fast software routines.) 


After the depressed key is released and the debounce delay 
(determined by Ry, Cy) has occurred, the scan clock inhibit 
is removed, allowing the scan counters to advance on the 
following high-to-low transitions of TPB. This condition 
provides an N-key lockout feature, which prevents the entry 
of erroneous codes when two or more keys are pressed 
simultaneously. The first key pressed in the scanning order is 
recognized, while all other keys pressed are ignored until the 
first key is released and read by the CPU, at which time the 
next key pressed in the scanning order is detected. 


If the first key remains closed after the CPU reads the data 
and resets the DA output (on the low-to-high transition of the 
TPB), an auxiliary signal (RPT) is generated. This signal is 
available to the CPU, and indicates an auto-repeat condition. 
The RPT output is reset high at the end of the debounce 
delay after the depressed key is released. 


The debounce input (pin 36) provides a terminal connection 
for an external user-selected RC circuit designed to 
eliminate detection of a keydown condition caused by 
keyboard noise. The operation of the debounce circuit is 
explained below with the aid of Figures 1 and 3. 


When a valid keydown is detected, the on chip active-resis- 
tor device (R,,) is enabled, and the external capacitor (Cy) is 
discharged, providing a key closure debounce time of 
approximately RyCx. The discharge of Cy is sensed by the 
Schmitt trigger inverter, which clocks the DA flip-flop 
(latching the DA output low and inhibiting the scan clock). 
(The DA flip-flop is reset by the low-to-high transition of TPB 
when the CS inputs are enabled.) 


When a valid key release is detected, Ry is disabled and Cy 
begins charging through the external resistor (Rx), providing 
a key release debounce time of approximately RyCy. The 
change in charge is, again, sensed by the Schmitt trigger 
inverter, enabling the scan clock to continue on the next 
high-to-low transitions of TPB, after the current keycode data 
is read by the CPU. 


Functions of Terminals 

Di - D11 (Outputs) 

Drive lines for the 11 x 8 keyboard switch matrix. These 
outputs are connected through the external switch matrix to 
the sense lines (S1 - S8). 

$1 - $8 (inputs) 

Sense lines for the 11 x 8 keyboard matrix. These inputs 
have internal pull-down resistors, and are driven high by the 
drive line when a keyboard switch is closed. 

CS1, CS2, CS3, CS4 (inputs) 

Chip-select inputs, which are used to enable the tristate data 


bus outputs (BUS 0 - BUS 7),and to enable the resetting of 
the status flag (DA) on the low-to-high transition of TPB. 


These four inputs are normally connected to the N-lines 
(NO - N2) and MRD output of the CDP1800-series 
microprocessor. 


BUS 0 - BUS 7 (Outputs) 


Tristate data bus outputs that provide the ASCII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS O - BUS 7 terminals of the 
CDP1800-series microprocessor. 

DA (Output) 

The data available output flag, which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A. 
This output is normally connected to a flag input (EF1 - EF4) 
of the CDP 1800-series microprocessor. 


TPB (Input) 
The input clock used to drive the scan generator and reset 


the status flag (DA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 


RPT (Output) 


The repeat-output flag used to indicate that a key is still 
closed after data has been read from the CDP1871A (DA 
high). It remains low as long as the key is closed, and is 
used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1 - EF4) of 
the CDP1800-series microprocessor. 


Debounce (input) 


This input is connected to the junction of an external resistor 
to Vpp and an external capacitor to Vss. It provides a 
debounce time delay (t = RC) after the release of a key. The 
external pull-up resistor is required under all circumstances. 


Alpha, Shift, Control (Inputs) 


A high on the shift or control input will be internally latched 
(after the debounce time), and the drive and sense line 
decoding will be modified as shown in Appendix Table A-1. 
These inputs are normally connected to the keyboard, but 
produce no code by themselves. The shift and control inputs 
have internal pull-down resistors to simplify use with 
momentary-contact switches. The alpha input is not latched 
and is designed to provide an alpha-lock function when used 
with a standard SPDT switch. When alpha = 1, the drive and 
sense line decoding will be modified as shown in Appendix 
Table A-1. 


Von Vss 

Vpp is the positive supply voltage input. Vsg is the most 
negative supply voltage terminal, and is normally connected 
to ground. All outputs swing from Vss to Vpp. The 
recommended input-voltage swing is also from Vsg to Vpp 


Figure 4 shows a CDP 1800-series processor operating in its 
/O mapped mode with the keyboard encoder. 
CDP1800-series processors have fourteen {/O instructions 
and three dedicated output lines (NO - N2) that are used 
for I/O functions. The N lines are toggled when the 1/O 
instructions are used; otherwise, they remain at a low level. 


Unlike memory-mapping, when the processor outputs 
and inputs data, the memory is the source of the system 
data when the input or output instructions are executed. 
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FIGURE 3. CDP1871A CONTROL SCHEMATIC 
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FIGURE 4. TYPICAL CDP1800-SERIES MICROPROCESSOR SYSTEM USING THE CDP1871A 
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For example, an input instruction writes data to the memory 
and the processor; therefore, the read line remains high 
while the write line goes low. An output instruction outputs 
data from the memory. In this case, the read line goes low 
and the write line remains high. 


An important input to the encoder is the TPB signal. This 
timing signal occurs at the end of the machine cycle of a 
CDP1800-series processor and is used to clock the 
encoder’s scan counter. It also resets the data available 


CURVE No. 


=! pat 


signal when the encoder is selected. It is synchronous in that 
it must not toggle when the chip is selected and data is being 
read from the encoder. 


The TPB signal is used to strobe data into a peripheral. Note 
in Figure 4 that the read line is used in addition to the N lines 
to select the encode; therefore, the only time the encoder will 
drive the data bus is when the proper input instruction is 
executed. The encoder is not selected until the N lines are at 
the required levels and the read line is high. When a key 
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closure is detected by the CDP1871A, the data available 
signal is activated; the processor is alerted by sensing its EF 
flag input. The processor then performs an input instruction 
to capture the key data. 


Dynamic Electrical Characteristics 


The dynamic electrical characteristics of the CDP1871A are 
shown in Table 1, and the timing diagrams in Figure 5. The 
clock cycie time, the first entry, A, Table 1, and curve 1 in the 
timing diagram of Figure 5, TPB, define the high and low lim- 
its of the clock cycle as toc + towy + tew_. TPB must remain 
high for at least 100 nanoseconds (B). The low portion of the 
clock cycle (tow_) consists of tcp! (E) and the keyboard 
capacitance. This parameter is selected to allow the TPB 
clock pulse time to ripple through the scan counters. The 
maximum frequency of TPB is 400kHz at 5 volts Vpp and 
800kHz at 10 volts Vop 


Table parameters C and D and curve 3 define the data 
available valid and invalid (reset) delays. The delays are 
measured from the leading edge of the TPB signal. The valid 
delay signal is activated on the first TPB signal after the 
leading edge debounce time when a key closure is detected, 
and returns high when the encoder is selected on the low-to- 
high transition of TPB. The valid data out delay and hold 


times from chip select are shown in table entries F, G and 
curve 8. The final parameters, H and J, refer to the repeat 
signal set and reset level delays measured from the reading 
edge of the TPB; curve 10, Figure 6. 


Note in Figure 5 that the action starts when a key closure is 
sensed by the encoder; curve 2. On the next low-to-high 
transition of TPB, the debounce time of RC, occurs as Cy 
discharges through the transistor and the Schmitt trigger 
clocks the data available flip-flop; curve 3. The Ry value of 
the transistor is about 200 ohms, so that, with an external 
capacitor of 0.1 micro farads, a 20 microsecond delay can be 
expected. The key release trailing edge debounce time is 
calculated from the values of the external capacitor and 
resistor (Rx, Cy). With a 0.1 microfarad capacitor and a 100 
kilohm resistor, the debounce time will be 10 milliseconds. 


Once the data available signal has been reset (chip selected 
and TPB high), the scan counter operates again on the next 
trailing edge of TPB, curve 6, and table parameter E. Note in 
Figure 6 that the repeat signal is activated when the data 
available signal is reset high while the key is still closed; 
curves 9 and 10. The repeat signal is reset after the 
debounce time on the next leading edge of the TPB signal 
when the key is no longer closed. 


TABLE 1. DYNAMIC ELECTRICAL CHARACTERISTICS OF THE CD1871A 
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Use With Other Processors 


Although the keyboard encoder has been designed to 
operate with CDP1800-series processors, it can be used 


with other processors if certain precautions are followed. 


The encoder is designed as an I/O port; it is not intended to 
operate with its chip selects active at all times. If this feature 
is desired, connect an external Schmitt trigger to the 


debounce pin and place a tristate latch on the data bus. 


The most likely use of the CDP1871A will be as an I/O port, 
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ASYNCHRONOUS 
CLOCK 
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and the concern here is the synchronization of the TPB 


input. The TPB must be held high when the chip selects are 
active to reset the data available signal. If the TPB is allowed 


FIGURE 9. METHOD OF ASSURING THAT TPB REMAINS HIGH 
DURING CDP1871A SELECT TIMES 


to toggle with the chip selected before it is read, it can hold 


the data available flip-flop in reset continuously, and can 


clock the scan counter. 


Figure 7 shows the encoder connected to a CDP6805 
processor. It can interface directly in this arrangement since 
the DS output from the CDP6805 is similar to the timing of 
the TPB timing signal of the CDP1800. However, in a 5MHz 
system, DS occurs every microsecond, too fast for the 


The keyboard encoder can be used to advantage with 
another popular processor, the 8085. Figure 10 shows a 
circuit that interfaces the two devices with an OR gate and a 
NAND gate. In this circuit, the only time the encoder can 
drive the data bus is when it is selected and the read signal 
is active. Since there is no DS equivalent in the 8085 proces- 
sor, the additional device shown in the figure is needed. 


encoder’s requirement of a TPB input less than 400kHz at 5 


volts. If a divider is used to lower the TPB input, synchroniza- 
tion will be lost. A way around this problem is to use a NAND 
gate in front of the TPB input and to have one of its inputs 
tied to the active-low chip select; Figure 8. Then, when the 
CDP1871A is selected, the TPB input will be forced high and 
TPB will only toggle again after the encoder is read and the 


chip select signal is again false. 
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FIGURE 7. APPLICATION OF THE CDP1871A AND CDP6805 
PROCESSOR 
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Note that DS enables the decoder, so that during the time 
that the processor is placing its low address on the data bus, 
the CDP1871A is disabled. If an asynchronous clock is used 
for the TPB input, as shown in Figure 9, the NAND gate can 
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Reference 
1. “CMOS Keyboard Encoder, CD1871A," RCA Solid State File No. operating voltage range: 4 to 10.5 volts for the A version, and 4 
1374. (The CDP 1871A comes in two versions: CDP1871A and to 6.5 volts for the AC version.) 
CDP1871AC. The two are identical except for recommended 
Appendix : 
TABLE A-1. DRIVE AND SENSE LINE KEYBOARD CONNECTIONS+ 
DRIVE LINES 
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*CONTROL Overrides SHIFT and ALPHA : can be used for special codes. 
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TABLE A-2. HEXADECIMAL VALUES OF ASCII CHARACTERS 


bd? 
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TABLE A-3. RECOMMENDED OPERATING CONDITIONS AT Ty, = -40°C to +85°C 
For Maximum Reliability, Operating Conditions should be selected so that operation is always within the following ranges: 
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Clock Input Frequency, TPB fo. 
(Keyboard Capacitance = 200pF) 


"D in suffix indicates ceramic package; E indicates plastic package. 
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TABLE A-4. STATIC ELECTRICAL CHARACTERISTICS at T, = -40°C to +85°C, Except as Noted 
LIMITS 
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* Typical values are for T, = +25°C and nominal Vpp. 
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Introduction 


Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s 
market. It also includes anticipating and accepting the 
challenges of the future. It results from a process of 
continuing improvement and evolution, with perfection as 
the constant goal. 


Harris Semiconductor’s commitment to supply only top 
value integrated circuits has made quality improvement a 
mandate for every person in our work force — from circuit 
designer to manufacturing operator, from hourly employee 
to corporate executive. Price is no longer the only 
determinant in marketplace competition. Quality, reliability, 
and performance enjoy significantly increased importance 
as measures of value in integrated circuits. 


Quality in integrated circuits cannot be added on or 
considered after the fact. It begins with the development of 
capable process technology and product design. It 
continues in manufacturing, through effective controls at 
each process or step. It culminates in the delivery of 
products which meet or exceed the expectations of the 
customer. 


The Role of The Quality Organization 


The emphasis on building quality into the design and 
manufacturing processes of a product has resulted in a 
significant refocus of the role of the Quality organization. In 
addition to facilitating the development of SPC and DOX 
programs and working with manufacturing to establish 
control charts, Quality professionals are invoived in the 
measurement of equipment capability, standardization of 
inspection equipment and processes, procedures for 
chemical controls, analysis of inspection data and feedback 
to the manufacturing areas, coordination of efforts for 
process and product improvement, optimization of 
environmental or raw materials quality, and the 
development of quality improvement programs. with 
vendors. 


At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is 
changing from policing quality to leadership and 
coordination of quality programs or procedures through 
auditing, sampling, consulting, and managing Quality 
Improvement projects. 


To support specific market requirements, or to ensure 
conformance to military or customer specifications, the 
Quality organization still performs many of the conventional 
quality functions (e.g., group testing for military products or 
wafer lot acceptance). But, true to the philosophy that 
quality is everyone’s job, much of the traditional on-line 
measurement and control of quality characteristics is where 
it belongs — with the people who make the product. The 


Quality organization is there to provide leadership and 
assistance in the deployment of quality techniques, and to 
monitor progress. 


The Improvement Process 


| 


STAGE IV 


PRODUCT 


IMPACT ON OPTIMIZATION 
PRODUCT 
QUALITY STAGE ill 


PROCESS 
OPTIMIZATION 


STAGE Il 


PROCESS 
CONTROL 


STAGE | 


PRODUCT 
SCREENING 


SOPHISTICATION OF 
QUALITY TECHNOLOGY 


FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 


Harris Semiconductor’s quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we 
embarked on a program to move beyond Stage |, and we 
are currently in the transition from Stage II to Stage Ill, as 
more and more of our people become involved in quality 
activities. The traditional “quality” tasks of screening, 
inspection, and testing are being replaced by more effective 
and efficient methods, putting new tools into the hands of all 
employees. Table 1 illustrates how our quality systems are 
changing to meet today’s needs. 


Harris Standard Flows 


Harris Semiconductor offers a variety of standard product 
flows which cover the myriad of application environments 
our customers experience. These flows run the gamut of 
low cost commercial parts to fully qualified JAN 
microcircuits. All of these grades have one thing in 
common. They result from meticulous attention to quality, 
starting with design decisions made during product 
development and ending with the labeling of shipping 
containers for delivery to our customers. The standard flows 
offered are: 


Commercial: Electrical performance guaranteed from 
0°C to +709C 


/883: Mil-Std-883 - compliant product: contact 
the factory or local Harris Sales Office 
for details on availability and specifications 


Details of the individual process requirements are 
contained in the flow charts on the following pages. 


QUALITY AND 
RELIABILITY 


Harris Semiconductor Standard Processing Flows 


VISUAL VISUAL 
INSPECTION INSPECTION 
MODIFIED PER 


PROBE/DICE 
PREPARATION 


JAN CLASS B MIL-STD-883 MIL-STD-883 
HIGH/ROOM WAFER LOT METHOD 2010 METHOD 2010, 
TEMP ACCEPT CONDITION B 50X CONDITION B, 


PROBE TEST WITH QA INSPECT WITH QA INSPECT 


ASSEMBLY (1) 


OPERATION 
QA MONITOR 


SILVER GLASS DISPERSAL 
MOUNT 
SILVER GLASS BAKE 
SILVER GLASS CURE 
SILVER GLASS FIRE 


* QADIE ATTACH 
CONTROL 


WIRE BOND 


* QAWIRE BOND 
CONTROL 


PRESEAL CLEAN 
PRESEAL INSPECT 


YES YES 
YES YES 
YES YES 

2 HOUR 2 HOUR 


DIE ATTACH 
CONTROL 
WIRE BOND 
CONTROL 


ALL PRE-SEAL 
OPERATIONS 
IN CLASS 100 

LAMINAR 
FLOW 


YES YES 
2 HOUR 2 HOUR 


AS APPLICABLE AS APPLICABLE 
YES PER 
MIL-STD-883 
METHOD 2010, 
CONDITION B 


YES YES 
WHEN REQUIRED WHEN REQUIRED 
YES YES 
NO YES 
YES (5) YES (50) 


* QAPRESEAL INSPECT 
INSPECT 

PACKAGE SEALING 
STABILIZATION BAKE 


TEMPERATURE CYCLE 
(CYCLES) 


CENTRIFUGE 
TIN PLATING/SOLDER DIP 


* QALEAD FINISH 
INSPECT 


YES YES 
NO NO 
YES YES 


ADDITIONALLY 
AVAILABLE 


YES YES. 
AS APPLICABLE YES 


100% NONDESTRUCT 
BOND PULL 


FINE LEAK TEST 
GROSS LEAK TEST 


PIND TEST 100% 20G 


PIND TEST 100% 10G 
FRAME REMOVAL 
LOAD SHIPPING TUBES 
* QAFINAL INSPECT 


* QADOCUMENTATION 
INSPECT 


AS APPLICABLE AS APPLICABLE 
NO NO 
YES YES 
YES | YES 
YES YES 


METHOD 2010 
CONDITION A 


(1) Example for a PGA Package Part 
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Harris Semiconductor Standard Processing FIOWsS (continued) 


TEST 


OPERATION 
QA MONITOR 


AC/DC SINGLE 
INSERTION TEST 
CAPABILITY; 


ELECTRICAL TEST 
SORTING OPERATION 


* QAMONITOR 
SERIALIZE 


PREBURN-IN ELECTRICAL 
TEST 


BURN-IN (2) 


HIGH/LOW TEMP 


QUALITY 
CONFORMANCE 
BY MIL-STD-88&3 

METHOD 5005, 
GROUPS A, B, C 
AND D AS REQUIRED 


APPLY BURN-IN TEST 


IF APPLICABLE 


IN HOUSE PACKAGE 
MOISTURE MONITOR 
CAPABILITY 


BRAND 


EXTERNAL VISUAL 
* QUALITY 


INSPECTION 


COMPUTERIZED LOT 
TRACEABILITY 
MONITORING SYSTEM 


PACKAGE & SHIP 
OR STOCK 


POST BURN-IN TEST 


DELTAS PER APPLY BURN-IN PDA 
SLASH SHEET (AS APPLICABLE) 
REQUIREMENT 


CONFORMANCE 


FINAL DATA REVIEW 


NO 
QUAL SAMPLES 
YES 


160 HOURS @ 
+1259C, OR 
PER 
SLASH SHEET 
YES 


YES 
YES 


YES 


YES 


YES 
GROUP A, B; 
Cc,D 
(AS APPLICABLE) 


YES 
GROUP A 


YES 


(2) Burn-in test temperatures can be increased and time reduced per regression tables in Mil-Std-883, Method 1015 


Advantages of Standard Flows 


Wherever feasible, and in accordance with good value 
engineering practice, the IC user should specify device 
grades based on one of the five standard Harris 
manufacturing flows. These are more than adequate for the 
overwhelming majority of applications and may be utilized 
quite effectively if the user engineer bases designs on the 
standard data sheet, military drawing or slash sheet (as 
applicable) electrical limits. 


Some of the more important advantages gained by using 
standard as opposed to custom flows are as follows: 


e Lower cost than the same or an equivalent flow executed 
on a custom basis. This results from the higher efficiency 
achieved with a constant product flow and the 
elimination of such extra cost items as special fixturing, 
test programs, additional handling and added 
documentation. 


e Faster delivery. The manufacturer often can supply many 
items from inventory and, in any case, can establish and 


maintain a better product flow when there is no need to 
restructure process and/or test procedures. 

¢ Increased confidence in the devices. A continuing flow of 
a given product permits the manufacturer to mointor 
trends which may bear on end-product performance or 
reliability and to implement corrective action, if 
necessary. 

e Reduction of risk. Since each product is processed 
independent of specific customer orders, the 
manufacturer absorbs production variability within its 
scheduling framework without major impact on 
deliveries. In a custom flow, a lot failure late in the 
production cycle can result in significant delays in 
delivery due to the required recycling time. 

Despite the advantages of using standard flows, there are 

cases where a special or custom flow is mandatory to meet 

design or other requirements. In such cases, the Harris 

Marketing groups stand ready to discuss _ individual 

customer needs and, where indicated, to accomodate 

appropriate custom flows. 
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Product Flow Chart 
Product Assurance Level /3 


: PRECAP PRESEAL SEAL AND LOT 
VISUAL BAKE IDENTIFICATION 


STABILIZATION 
BAKE 


*LS!I CRITERIA 


TEMPERATURE 
CYCLING 


FINE LEAK 
GROSS LEAK 


CENTRIFUGE 


POST BURN - IN 
ELECTRICAL 
TESTING 


160 HR. STATIC - 5PC/+ 12PC 
TEMPERATURE 


TESTING 


Us eee ees ee ae ce a ac ell 


OR 
DYNAMIC BURN - IN 


EXTERNAL 


VISUAL 


Optional Groups B, C and D Inspection Lot Conformance Testing 
is performed only if specifically ordered. 


Data Supplied 

Data Supplied with /3 Product Consists of: 

a) a certificate processing and screening compliance 

b) an attribute summary of Group A results 

c) Group B, C and D attribute test results (when ordered) 
C of C is provided for Generic Data 


* Modified Class B Screening 


PRE - BURN - IN 
ELECTRICAL 


GROUP A QUALITY 
CONFORMANCE 
TEST 


£3 PRODUCT 


/3 Screening 


Lot Screening Tests 


Stabilization Bake 1008 


Temperature Cycling 1010 


Constant Acceleration 2001 


(Centrifuge) 


Seal 
A) Fine 
B) Gross 
initial (Pre-Burn-In) 
Electrical Parameters 
at +25°C 


Burn-in 
Interim (Post Burn-In) 
Electrical Parameters at +25°9C 


1014 
AorB 
C 


Group A Quality Conformance Test 
External Visual 


NOTES: 


1. Internal Visual Inspection Modifled for LSI 2. 


| scREEN si METHOD (MIL-STD-883) REQUIREMENT NOTES 
Internal Visual Condition B 100% 
Modified for LSI Visual 


Condition C (150°C Min) 
24 Hours 


(-65°C to +150°C) 
Condition C 


Condition D or E (30,000 g) 
Y1 Dir. 


Per Applicable 
Device Specifications 


1015, 160 Hours at +1259C 
Per Applicable Device 
Specifications 


SOS Technology Devices; CDP1821, 1822, 1823, MWS5114 Only 


Internal Visual inspection is performed to MIL-STD-883, Method 2010, Con- =A. Diffusion faults are not applicable. SOS devices are inspected for com- 


dition B except as follows: 
A. High magnification Inspection is performed at 200X to 300X and 


applies to the high current areas of the chip. The remainder of the chip is 8B. 


inspected at 75X to 150X where high magnification is required. Cc 


B. Metallization Volds (3.2.1.2) Criteria 3.2.1.1a Metallization Scratches, 
and 3.2.1.2a Metallization Voids shall also apply to metallization over a D 
passivation step (3.2.1.1d, 3.2.1.2b). Underlying oxide must also be 
exposed. 


C. Metallization Alignment (3.2.1.7), Diffusion and Passivation Layer(s) 
Faults (3.2.0). 


High magnification inspection is performed at 200X to 300X, applied to 
the center and two opposite corners of the chip, consisting only of the 
area exposed to the immediate field of view. 


D. Scribing and Die Defects (3.2.3) In addition: 


Acrack that exceeds 5.0 mils in length must also point towards or cross a 
scribe grid line to be unacceptable. 


Semicircular cracks that point away from the active circuit area are 
acceptable. 
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plete islands, bridging between islands and missing adjacent contacts 
from a row in a contact chain. 


The 1.0 mil wire clearance criteria is not applicable. 


. Passivation faults are not applicable because a second free flow oxide is 


used prior to metallization. 


. Oxide gate bridge inspection is not applicable. 
. Semicircular cracks not in an active area which start and end at the pellet 


edge are acceptable. 


. See Individual Data Sheets for Burn-in Circuits. 
. Constant acceleration (Centrifuge) is performed at 20,000 g Condi- 


tlon D for the 40 lead DIC package (CDP1802). 
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Measurement 
Analytical Services Laboratory 


Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully integrated approaches necessary to 
complete analytical studies. The capabilities of each area 
are shown below. 


SPECTROSCOPIC METHODS: Colorimetry, Optical 
Emission, Ultraviolet Visible, Fourier Transform-Infrared, 
Flame Atomic Absorption, Furnace Organic Carbon 
Analyzer, Mass Spectrometer. 


CHROMATOGRAPHIC METHODS: Gas Chromatography, 
lon Chromatography. 


THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 


PHYSICAL METHODS: Profilometry, 
Rheometry. 


Microhardness, 


CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
lon Electrodes. 


ELECTRON MICROSCOPE: Transmission Electron Mi- 
croscopy, Scanning Electron Microscope. 


X-RAY METHODS: Energy Dispersive X-ray Analysis 


(SEM), Wavelength Dispersive X-ray Analysis (SEM), 


X-ray Fluorescence Spectrometry, 
Spectrometry. 


SURFACE ANALYSIS METHODS: Scanning Auger Micro- 
probe, Electron Spectroscope/Chemical Analysis, Secon- 
dary lon Mass Spectrometry, lon Scattering Spectrometry, 
lon Microprobe. 


X-ray Diffraction 


The department also maintains ongoing working 
arrangements with commercial, university, and equipment 
manufacturers’ technical service laboratories, and can 
obtain any materials analysis in cases where instrumental 
capabilities are not available in our own facility. 


Calibration Laboratory 


Another important resource in the product assurance 
system is Harris Semiconductor’s Calibration Lab. This area 
is responsible for calibrating the electronic, electrical, 
electro/mechanical, and optical equipment used in both the 
production and engineering areas. The accuracy of 
instruments used at Harris in calibration is traceable to the 
National Bureau of Standards. The lab maintains a system 
which conforms to the current revision of MIL-STD-45662, 
“Calibration System Requirements.” 


Each instrument requiring calibration is assigned a 
calibration interval based upon stability, purpose, and 
degree of use. The equipment is labeled with an 
identification tag on which is specified both the date of the 
last calibration and of the next required calibration. The 
Calibration Lab reports on a regular basis to each user 
department. Equipment out of calibration is taken out of 


service until calibration is performed. The Quality 
organization performs periodic audits to assure proper 
control in the using areas. Statistical procedures are used 
where applicable in the calibration process. 


Field Return Product Analysis System 


The purpose of this system is to enable Harris’ Field Sales 
and Quality operations to properly route, track and respond 
to our customers’ needs as they relate to product analysis. 


The Product Failure Analysis Solution Team (PFAST) 
consists of the group of people who must act together 
to provide timely, accurate and meaningful results to 
customers on units returned for analysis. This team includes 
the salesman or applications engineer who gets the parts 
from the customer, the PFAST controller who coordinates 
the response, the Product or Test Engineering people who 
obtain characterization and/or test data, the analysts 
who failure analyze the units, and the people who provide 
the ultimate corrective action. It is the coordinated effort of 
this team, through the system described in this document 
that will drive the Customer responsiveness and continuous 
improvement that will keep Harris on the forefront of the 
semiconductor business. 


The system and procedures define the processing of 
product being returned by the customer for analysis 
performed by Product Engineering, Reliability Failure 
Analysis and/or Quality Engineering. This system is 
designed for processing “sample” returns, not entire lot 
returns or lot replacements. 


The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and helps 
toward the goal of quick turn time. 


Goals: quick, accurate response, uniform deliverable 
(consistent quality) from each site, traceability. 


The PFAST system is summarized in the following steps: 
1) Customer calls the sales rep about the unit(s) to return. 


2) Fill out PFAST Action Request - see the PFAST form in 
this section. This form is all that is required to process a 
Field Return of samples for failure analysis. This form 
contains essential information necessary to perform root 
cause analysis. (See Figure 2). as 


3) The units must be packaged in a manner that prevents 
physical damage and prevents ESD. Send the units and 
‘PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using “look-up” tables in the PFAST document. 


4) The PFAST controller will log the units and route them to 
ATE testing for data log. 


5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 


6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of 
material. The customer contact is valuable in analytical 
process to insure root cause is found. 


7) Areport will be written and sent directly to the customer 
with copies to sales, rep, responsible individuals with 
corrective actions and to the PFAST controller so that 
the records will capture the closure of the cycle. 


8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 


9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on 
agreements. Interim results are given realtime. 


Failure Analysis Laboratory 


The Failure Analysis Laboratory’s capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 


SPECIAL TESTS 


FAILURE MODE 
PREDICTIONS 


SELECT ANALYSIS PATH 


FIGURE 3. NON-DESTRUCTIVE 


Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective actions. 
To ensure the integrity of the analysis, correlation of the 
failure mechanism to the initial electrical failure is essential. 


A general failure analysis procedure has been established 
in accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. (See Figures 3 and 4). 
Records are maintained by laboratory personnel and 
contain data, the failure analyst’s notes, and the formal 
Product Analysis Report. 


DEENCAPSULATION 
INTERNAL VISUAL 
INSPECTION 
INTERNAL ELEC- 
TRICAL PROBE 

ANALYSIS 


PHYSICAL 
TESTS 
CHEMICAL 
TESTS 


ANALYSIS 
REPORT 


CIRCUIT 
HISTORY 


FIGURE 4. DESTRUCTIVE 


QUALITY AND 
RELIABILITY 


Request # 


PEI HARRIS = 


SEMICONDUCTOR PFAST ACTION REQUEST 


Date: 


CUSTOMER 
LOCATION 


ORIGINATOR 
LOCATION/PHONE No. 


DEVICE TYPE/PART No. PURCHASE ORDER No. 
No. SAMPLES RETURNED QUANTITY RECEIVED 


THE COMPLETENESS AND TIMELY RESPONSE OF THE EVALUATION IS DIRECTLY RELATED TO THE COMPLETENESS 
OF THE DATA PROVIDED. PLEASE PROVIDE ALL PERTINENT DATA. ATTACH ADDITIONAL SHEETS IF NECESSARY. 
TYPE OF PROBLEM DETAILS OF REJECT 

(Where appropriate serialize units and specify for each) 


TEST CONDITIONS RELATING TO FAILURE 
1 TESTER USED (MFGR/MODEL) 
O Test TEMPERATURE 
O Test Time: © CONTINUOUS TEST 
© ONE SHOT (T = SEC) 
(1 DESCRIPTION OF ANY OBSERVED CONDITION TO 
WHICH FAILURE APPEARS SENSITIVE: 


1. 1 INCOMING INSPECTION 
1 100% SCREEN [J SAMPLE INSPECTION 
No. TESTED No. OF REJECTS 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 
O YES O NO 
C) BRIEF DESCRIPTION OF EVALUATION 
AND RESULTS ATTACHED 
2. 0 IN PROCESS/MANUFACTURING FAILURE 
© BoaRD CHECKOUT C) SYSTEM CHECKOUT 
© FAILED ON TURN-ON 
CO FAILED AFTER HOURS OPERATION 
WAS UNIT RETESTED UNDER INCOMING INSPECTION 
CONDITIONS? © YES O NO 
© BrieF DESCRIPTION OF HOW FAILURE WAS ISOLATED 
TO COMPONENT ATTACHED 
3. 0 FIELD FAILURE 
FAILED AFTER HOURS OPERATION 
ESTIMATED FAILURE RATE % PER 1000 HOURS 
END USER LOCATION 
AMBIENT TEMPERATURE C 
MIN. Cc MAX. Cc 
REL. HUMIDITY % ATTACHED: 
£1 END USER FAILURE CORRESPONDENCE ATTACHED 1 List OF POWER SUPPLY AND DRIVER LEVELS 


(Include pictures of waveforms). 
ACTION REQUESTED BY CUSTOMER CO List OF OUTPUT LEVELS AND LOADING CONDITIONS 


CD INPUT AND OUTPUT TIMING DIAGRAMS 

C1) DESCRIPTION OF PATTERNS USED 
SPECIFIC ACTION REQUESTED (If not standard patterns, give very complete 
—_——— description including address sequence). 
IMPACT OF FAILED UNITS ON CUSTOMER’S SITUATION: ____ 3. 1 PROM PROGRAMMING FAILURES 
ADDRESS OF FAILURES 
PROGRAMMER USED (MFG/MODEL/REV. No.) 


1. O DC FAILURES 
© Opens © SHorts 0 LEAKAGE 0 STREss 
© Power Drain D1 Input LEveL 1) Output LEVEL 
C] LIST OF FORCING CONDITIONS AND MEASURED 
RESULTS FOR EACH PIN IS ATTACHED 
[] POWER SUPPLY SEQUENCING ATTACHED 
2. ( AC FAILURES 
LIST FAILING CHARACTERISTICS 


ADDRESS OF FAILING LOCATION (IF APPLICABLE) 


CUSTOMER CONTACTS WITH SPECIFIC KNOWLEDGE OF REJECTS 
NAME 4. 0 PHyYSICAL/ASSEMBLY RELATED FAILURES 


POSTION sa gi Th PHONE 2 ( SEE COMMENTS BELow 0 SEE ATTACHED 


Additional Comments: 


FIGURE 2. PFAST ACTION REQUEST 


Reliability 
Reliability Assessment and Enhancement 


At Harris Semiconductor, reliability is built into every 
product by emphasizing quality throughout manufacturing. 
This starts by ensuring the excellence of the design, layout, 
and manufacturing process. The quality of the raw materials 
and workmanship is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its 
useful life. Product reliability is maintained through the 
following sources: Qualifications, In-Line Reliability 
Monitors, Failure Analysis. 


Qualifications 


Qualifications at Harris de-emphasize the sole dependence 
on production product which is only available late in the 
development cycle. The focus is primarily on the use of test 
vehicles to establish design ground rules for the product 
and the process that will eliminate any wearout 
mechanisms during the useful life of the product. However, 
to comply with the military requirements concerning reliabil- 
ity, product qualifications are performed. (See Figure 5). 


In-line Reliability Monitors 


In-line reliability monitors provide immediate feedback to | 


manufacturing regarding the quality of workmanship, 
quality of raw materials, and the ultimate reliability 
implications. The rudimentary implementation of this 
monitoring is the “First Line of Defense,” which is a pass/ 
fail acceptance procedure based on control charts and 
trend analysis. The second level of monitoring is referred to 
as the “Early Warning System” and incorporates wafer level 
reliability concepts for extensive diagnostic and 
characterization capabilities of various components that 
may impact the device reliability or stability. The quick 
feedback from these schemes allows more accurate 
correlation to process steps and corrective actions. 


Product/Package Reliability Monitors 


Reliability of finished product is monitored extensively © 


under a program called Matrix |, Il, Ill monitor. All major 
technologies are monitored. 


Matrix | - Has a higher sampling size and rate per week and 
uses short duration test, usually less than 48 hours to as- 
sess day to day, week to week reliability. High volume types 
are prevalent in this data. Stresses - Operating Life, Static 
Life and HAST. Ta = +125°C to +2009C 


Matrix Il - Longer duration test, much like requalification. 
The sample sizes are reduced in number and frequency, 
yet meet or exceed the JEDEC Standard 29. Stresses 
Operating Life, Storage, THB, Autoclave, Temp Cycle, and 
Thermal Shock. 


Matrix Ill - Package specific test. Tests Solderability, Lead 


Fatigue, Physical Dimensions, Brand Adhesion, 
Flammability, Bond Pull, Constant Acceleration, and 
Hermeticity. 


Data from these Monitor Stress Test provides the following 

information: 

¢ Routine reliability monitoring of products by die 
technology and package styles. 


e Data base for determining FIT Rates and Failures Mode 
trends used drive Continuous Improvement. 


© Major source of reliability data for customers. 


e Customers have used this data to qualify Harris 
products. 


Reliability Fundamentals 


Reliability, by its nature, is a mixture of engineering and 
probability statistics. This combination has derived a 
vocabulary of terms essential for describing the reliability of 
a device or system. Since reliability involves a measurement 
of time, it is necessary to accelerate the failures which may 
occur. This, then, introduces terms like “activation energy” 
and “acceleration factor,” which are needed to relate results 
of stressing to normal operating conditions (see Table 1). 
Also, to assess product reliability requires failures. 
Therefore, only a statistical sample can be used to 
determine the model of the failure distribution for the entire 
population of product. 


Failure Rate Calculations 


Reliability data for products may be composed of 
several different failure mechanisms and requires careful 
combining of diverse failure rates into one comprehensive 
failure rate. Calculating the failure rate is further complicat- 
ed because failure mechanisms are thermally accelerated 
at varying rates and thereby have differing accelerating fac- 
tors. Additionally, this data is usually obtained from a variety 
of life tests at unique stress temperatures. The equation 
below accounts for these considerations and then inserts a 
statistical factor to obtain the confidence interval for the fail- 
ure rate. 


FIT = B Xj 
> K x109  xM 
i=1 > TDH; AF jj 
j=1 
B= # of distinct possible failure mechanisms 


K= # of life tests being combined 


Xi= # of failures for a given failure mechanism 
i= 1,2,...B 
TDGj = __‘ Total device hours of test time (unaccelerated) for 
Life Test; 
AFij = Acceleration factor for appropriate failure mecha- 
nism i= 1,2,...K 
M= Statistical factor for calculating the upper confi- 


dence limit (M is a function of the total number of 
failures and an estimate of the standard deviation 
of the failure rates) 


In the failure rate calculation, Acceleration Factors (AFjj) are 
used to derate the failure rate from thermally accelerated Life 
Test conditions to a failure rate indicative of use tempera- 
tures. Though no standards exist, a temperature of +559C 
has been popular and allows some comparison of product 
failure rates. All Harris Semiconductor Reliability Reports will 
derate to +55°9C at both the 60% and 95% confidence 
intervals. 
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FLOW - PRODUCT DEVELOPMENT RELIABILITY FOCUS 


PRODUCT DEFINITION REVIEW e Assumes Process Development Required 


. k**w* 
e Evaluate Reliability Risks Fact 
CONCEPT REVIEW Veale Cia rny eee CO cie 
e Attain Commitment for Test Vehicle (T.V.) Development 
| kek 


e Review Test Vehicle Devel 
DESIGN REVIEW PART 4 eview est Vehicle ave opment and Stress Test Plan 
e Review Package Requirements . 
e Review Latent Failure Mechanism History for Design Sensitivity and Elimination 


e Review Ground Rules for Design and Elimination of Wearout Mechanisms 


® Review Process Characterization, Statistical Control & Capability which are Design 
Considerations 


* Review Test Vehicle Stress Results 

e Review Device Modeling & Simulations 

¢ Review Process Variability & Producibility 

¢ Define Wafer Reliability Monitor Vehicles, Application of Early Warning System 


DESIGN REVIEW PART 2 


ke 


© Verify Wearout Mechanisms are Eliminated by Design & Process Control 
(Test Vehicle + SPC) 


e Evaluate Design of Chip to Package Risk Factors 
e Review Ground Rule Checks (DRCs) 


e Establish Reliability Test, Stress and Failure Analysis Capabilities. Project Failure Rate 
Based on T.V. Data. 


LAYOUT REVIEW PART 1 


wNk&* 
e Review Burn-In Diagrams for Production and Qualification 
e Review Overall Qualification Plan & Begin Balance of Life Test 


tf LAYOUT REVIEW 2 
EVALUATION REVIEW 


kke* 


e Review Product Characterization to Data Sheet, ESD, Latch-up & DPA Results & 
Define Corrective Actions 


e Review of Life Test Data & Failure Mechanisms. Define Corrective Actions 

e Utilize Statistical Design of Experiments (DOX) if Required to Adjust Process or Design 
e Define Necessary Changes to Eliminate Any Systematic Failure Mechanism 

e If Mature Process - Grant Generic Release 


kkk 


Qualification Requirements Complete and Presented. Meet FIT Rate Requirements 


Review Infant Mortality (I.M.) Burn-in Results. if Greater Than 1% at 125°C 
Determine I.M. Burn-in Requirements 


NEW PRODUCT TRANSFER 


kkk 


Reliabiltiy Monitors: 
> Real Time Early Warning Wafer Level Reliability control 
> Real Time Reliability Control of Burn-in PDA with Control Charts 
> Add-On Life Testing: - MilStd Group C&D 
- Iindustrial/Commercial Life Testing 
Trend Analysis of Reliability Performance Used to Develop Product Improvements 
Special Studies 


MANUFACTURE 


kek 


High Quality and Reliability Products to Harris Customers 


‘SHIPMENT 
CONTINUOUS IMPROVEMENT 


kek 


Failure Analysis - Determine Assignable Cause of Failure 
Closed Loop Corrective Action Process . 
Continuous Improvement Objectives in Product Reliability & Quality 


FIGURE 5. NEW PROCESS PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Acceleration Factors 


The Acceleration Factors (AF) are determined from the 
Arrhenius Equation. This equation is used to describe 
physiochemical reaction rates and is an appropriate model 
for expressing the thermal acceleration of semiconductor 
failure mechanisms. 


Es 1 - 1 
AF= EXP — —_—_— 
K Tuse T stress 


AF= Acceleration Factor 
E,= Thermal Activation Energy in eV from Table 8 
K= Boltzmann’s Constant (8.62 x 107° eV/°K) 


Both Tyse aNd Tetresg (in degrees Kelvin) include the 
internal temperature rise of the device and therefore 
represent the junction temperature. With the use of the 
Arrhenius Equation, the thermal Activation Energy (E,) term 
is a major influence on the result. This term is usually 
empirically derived and can vary widely. 


TABLE 1. FAILURE RATE PRIMER 


GLOSSARY OF TERMS 


TERMS/DEFINITION UNITS/DESCRIPTION 


FAILURE RATE 4 


For Semiconductors, usually expressed in FITs. 


Represents useful life failure rate (which implies a constant 
failure rate). 


FITs are not applicable for infant mortality or wearout failure 
rate expressions. 


MT TF - Mean Time To Failure 


For semiconductors, MTTF is the average or mean life expectancy 
of a device. 


If an exponential distribution is assumed then the mean time to 
fail of the population will be when 63% of the parts have failed. 


CONFIDENCE INTERVAL (C. 1.) 


Establishes a Confidence Interval for failure rate predictions. 
Usually the upper limit is most significant in expressing failure 
rates. 


FIT - Failure In Time 


1 FIT ~1 failure in 109 device hours. 
Equivalent to 0.0001 %/1000 hours 

FITs = 

# Failures x109xm 


# Devices x # hours stress x AF 


m - Factor to establish Confidence Interval 
109 ~ Establishes in terms of FITs 
AF ~ Acceleration Factor at temperature for a given failure 
mechanism 


Mean Time is measured usually in hours or years. 
1 Year = 8760 hours 


When working with a constant failure rate the MTTF can be 
calculated by taking the reciprocal of the failure rate. 


MTTF =1/X (exponential model) 
Example: =10 FITs at +55°9C 


The MTTF is: MTTF = 1/2 = 0.1 x 109 hours 
= 100M hours 


Example: 


“40 FITs @ a95% C. I. @ 55°C” means only that you are 95% 
certain the the FiTs <10 at +559C use conditions. 
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Activation Energy 


To determine the Activation Energy (Eg) of a mechanism 
(see Table 2) you must run at least two (preferably more) 
tests at different stresses (temperature and/or voltage). The 
stresses will provide the time to failure (Tf) for the 
populations which will allow the simultaneous solution for 
the Activation Energy by putting the experimental results 
into the following equations. 


In (ty) = C+ EQ In 
KT, 


KT» 


Then, by subtracting the two equations, the Activation 
Energy becomes the only variable, as shown. 


In(tey) - In(tea) = Eg/k(1/T1-1/T2) 


Ex = K* ((In(teq) - In(tgo))/(1/T1 - 1/T2)) 


The Activation Energy may be estimated by graphical 
analysis plots. Plotting In time and In temperature then 
provides a convenient nomogram that solves (estimates) the 
Activation Energy. 


Table 3 is a summary for the L7 process. 


All Harris Reliability Reports from qualifications and Group 
C1 (all high temperature operating life tests) will provide the 


data on all factors necessary to calculate and verify the 
reported failure rate (in FITs) using the methods outlined in 
this primer. 


Qualification Procedures 


New products are reliably introduced to market by the 
proper use of design techniques and strict adherence to 
process layout ground rules. Each design is reviewed from 
its conception through early production to ensure 
compliance to minimum failure rate standards. Ongoing 
monitoring of reliability performance is accomplished 
through compliance to 883C and standard Quality 
Conformance Inspection as defined in Method 5005. 


New process/product qualifications have two major 
requirements imposed. First is a check to verify the proper 
use of process methodology, design techniques, and layout 
ground rules. Second is a series of stress tests designed to 
accelerate failure mechanisms and demonstrate the 
reliability of integrated circuits. 


From the earliest stages of a new product’s life, the design 
phase, through layout, and in every step of the manufactur- 
ing process, reliability is an integral part of every Harris 
Semiconductor product. This kind of attention to detail 
“from the ground up” is the reason why our customers can 
expect the highest quality for any application. 


TABLE 2. FAILURE MECHANISM 


Corrosion 


Assembly 
Defects 
stressing. 


Electromigration 
~ AlLine 
~ Contact 


Mask Defects/ 
Photoresist 
Defects 


elevated temperatures. 


and HTOL. 


Contamination 


Charge 
Injection 


FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 
Oxide Defects 0.3 - 0.5eV High temperature operating life (HTOL) and {| Statistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. defect density control, and voltage stress testing. 
Silicon 0.3-0.5eV | HTOL & voltage stress screens. Vendor Statistical Quality Control programs, and 
Defects (Bulk) Statistical Process Control on thermal processes. 
0.45eV Highly accelerated stress tesing (HAST) Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 
Temperature cycling, temperature and 


mechanical shock, and environmental 


Test vehicle characterizations at highly 


Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 


C-V stress at oxide/interconnect, wafer 
FAB device stress test (EWS) and HTOL. 


HTOL & oxide characterization. 


Vendor Statistical Quality Control programs, 
Statistcal Process Control of assembly processes 
proper handling methods. 


Design ground rules, wafer process statistical 
process steps, photoresist, metals and 
passivation 


Clean room control, clean mask, pellicles 
Statistical Process Control or photoresist- 
/etch processes. 


Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 
and clean assembly processes. 


Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 


TABLE 3. HIGH TEMPERATURE OPERATING LIFE TEST SUMMARY 


GENERIC 
GROUP 


GROUP NAME 


PROCESS DESCRIPTION 


C-105-5 Microprocessor SAJI CMOS L7 5.72E +06 
and Peripherals 


FAILURE 
RATE FITs 
@ 1259C | @ 55°C 60% Cl 


QUANTITY 


QUANTITY FAILURE 
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Harris High Reliability Product Specification Highlights 


Harris Semiconductor is a leading supplier of high reliability 
integrated circuits to the military and aerospace community 
and takes pride in offering products tailored to the most 
demanding applications requirements. Our Manufacturing 
facilities are JAN-Certified to MIL-M-38510 and provide 
JAN-qualified and MiL-STD-883 compliant products as 
standard data book items. This Data Book contains detailed 
information on high-reliability integrated circuits presently 
available from Harris Semiconductor. 


The intent of the /883 data sheet is to provide to our 
customers a clear understanding of the testing being 
performed in conformance — with MIL-STD-883 
requirements. Additionally, it is our intent to provide the 
most effective and comprehensive testing feasible. 


Document Control 


Harris has established each of the /883 data sheets as an 
internally revised controlled document. Any _ product 
revision or modification must be approved and signed-off 
throughout the manufacturing and engineering sections. 
Harris has made every effort to ensure accuracy of the 
information in .this data book through quality control 
methods. Harris reserves the right to make changes to the 
products contained in this data book to improve 
performance, reliability and producibility. Each data sheet 
will use the printed date as the revision § control 
identification. Contact Harris for the latest available 
specifications and performance data. 


/883 Data Sheet Highlights 


Each specific /883 data sheet documents the features, 
description, pinouts, tested electrical parameters, test 
circuits, burn-in circuits, die characteristics, packaging and 
design information. The following are notes and 
clarifications that will help in applying the information 
provided in the data sheet. 


Absolute Maximum Ratings: These ratings are provided 
as maximum stress ratings and should be taken into 
consideration during system design to prevent conditions 
which may cause permanent damage to the device. 
Operation of the device at or above the ‘Absolute Maximum 
Ratings” is not intended, and extended exposure may affect 
the device reliability. 


Reliability Information: Each /883 data sheet contains 
thermal information relating to the package and die. This 
information is intended to be used in system design for 
determining the expected device junction temperatures for 
overall system reliability calculations. 


Packaging: Harris utilizes MIL-M-38510, Appendix C for 
packages used for /883 products. The mechanical 
dimensions and materials used are shown for each 
individual product to complete each data sheet as a self 
contained document. 


D.C. and A.C. Electrical Parameters: Tables 1 and 2 
define the D.C. and A.C. Electrical Parameters that are 
100% tested in production to guarantee compliance to 
MIL-STD-883. The subgroups used are defined in 
MIL-STD-883, Method 5005 and designated under the 
provisions of Paragraph 1.2.1a. Test Conditions and Test 
Circuits are provided for specific parameter testing. 


Table 3 provides additional device limits that are 
guaranteed by characterization of the device and are not 
directly tested in production. Characterization takes place 
at initial device design and after any major process or 
design changes. The characterization data is on file and 
available demonstrating the test limits established. 


Table 4 provides a summary of the test requirements and 
the applicable MIL-STD-883 subgroups. 


Burn-in Circuits: The Burn-in circuits defined in the 
individual data sheets are those used in the actual 
production process. Burn-in is conducted per MIL-STD- 
883, Method 1015. 


Design Information Sections: Harris provides an 
additional Design Information Section in many of the data 
sheets to assist in system application and design. This 
information may be in the form of applications circuits, 
typical device parameters, or additional device related user 
information such as programming information. While this 
information cannot be guaranteed, it is based on actual 
characterization of the product and is representative of the 
data sheet device. 
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High Reliability Products Information - 


Harris’ High Reliability Products are all produced in 


accordance with military specifications and standards, — 


primarily MIL-M-38510 (General Specifications for 
Microcircuits) and MIL-STD-883 (Test Methods and 
Procedures for Microelectronics). 


MIL-STD-883 contains test methods and procedures for 
various electrical, mechanical and environmental tests as 
well as requirements for screening, qualification and quality 
conformance inspection. Method 5004 of MIL-STD-883 
lists the 100% screening tests which are required for each 
of the product assurance classes defined above. 


Following the device screening, samples are removed from 
the production lot(s) for Quality Conformance Inspection 
testing. This testing is divided into four inspection groups: 
A, B, C and D, which are performed at prescribed intervals 
per MIL-M-38510 to assure the processes are in control 
and to ensure the continued quality level of the product 
being produced. 


Group A electrical inspection involves dynamic, static, 
functional and switching tests at maximum, minimum and 
room operating temperatures. Sample sizes and specific 
tests performed depend upon the particular product 
assurance class chosen. Electrical test sampling is 
performed on all subgroups as defined in MIL-STD-883, 
Method 5005. 


Group 8B inspection includes tests for marking 
permanency, internal visual and mechanical correctness, 
bond strength, and solderability. It is intended to provide 
assurance of the absence of lot-to-lot fabrication and 
manufacturing variances. Group B tests are again defined 
in test Method 5005. 


Group C is oriented toward die integrity and consists of 
operating life testing as defined in MIL-STD-883, Method 
5005. | 


Group D environmental testing is provided to verify die and 
package reliability. Among the Group D tests are lead 
integrity, hermeticity, temperature cycling, thermal and 
mechanical shock, and constant acceleration. 


MIL-M-38510 requires that Group A and Group B 
inspection be performed on each lot, while Group C 
inspection must be done every 3 months and Group D every 
6 months to be in compliance with MIL-M-38510 JAN 
requirements. To limit the amount of testing, MIL-M-38510 
allows the multitude of micro- circuits to be grouped by 
technology, commonly known as “generic families”. Thus, 
one group C performed will cover all parts included in that 
generic family for three months. For Group D, which is 
package related, although there are some restrictions, one 
Group D performed on a 24-pin ceramic dual-in-line 
packaged part will cover all devices in the same package 
regardless of the technology group. 


For MIL-STD-883 products, Groups A and B are required 
on each lot, Groups C and D are required every 52 weeks 
by generic die family and package fabricated and 
manufactured from the same plant as the die and package 
represented. 


General Test Philosophy 


The general philosophy for test set development is to 
supply test software that guarantees the high performance 
and quality of the products being designed and 
manufactured by Harris. The general final test set includes a 
guardbanded initial test program and a QA test program for 
the quality test step. Characterization software is an 
additional test program that parametrically measures and 
records the performance of the device under test. This test 
set is used to evaluate the performance of a product and to 
determine the acceptability of non-standard Source Control 
Drawings. BSPEC and RSPEC test programs are custom 
final test programs written to conform to customer 
specifications. 


The general test development strategy is to develop 
software using a “shell” programming technique which 
creates standard test program flows, and reduces test 
development and execution times. Statistically derived 
guardbands are utilized in the “shell” programs to null out 
test system variability. High performance hardware 
interface designs are incorporated for maximized test 
effectiveness, and efficient fault graded vector sets are 
utilized for functional and AC testing. 


The initial step in generating the test set is the test vector 
generation. The test vectors are the binary stimulus applied 
to the device under test to functionally test the operation of 
the product. The vectors are developed against a behavioral 
model that is a software representation of the device 
functionality. The output of the behavioral model can be 
translated directly to ATE test vectors or prepared for CAD 
simulation. 


The philosophy in the generation of test vectors is to 
develop efficient fault graded patterns with a goal of greater 
than 90% fault coverage. There is no intent to generate a 
worst case or best case noise vector set. The intent is to 
maximize fault coverage through efficient vector use. 
Generally only one vector set will be required to enable 
complete test coverage within a given test program. 


Exceptions to this would be vector generation to test certain 
identified critical AC speed paths or DC vectors for testing 
VIH/VIL parameters. These vector sets typically will not 
increase fault coverage and can not be substituted for fault 
graded vector sets. 


The ultimate goal for testing all /883 products is data sheet 
compliancy, thoroughness, and quality of testing. By taking 
this approach to test set generation, Harris is capable of 
supplying high performance semiconductors of the highest 
quality to the marketplace. 


Non-Standard Product Offerings 


Harris understands the need for customer generated 
Source Control Drawings with non-standard parameter 
and/or screening requirements. A Customer Engineering 
Department is responsible for efficiently expediting your 
SCDs through a comprehensive review process. The 
Customer Engineering Group compares your SCD to its 
closest equivalent grade device type and works closely with 
the Product Engineer, Manufacturing Engineer, Design 
Engineer, or applicable individual to compare Harris’ 
screening ability against your non-standard requirement(s). 
For product processed to non-standard requirements, a 
unique part number suffix is assigned. 


Harris shares the military's objective to utilize standards 
wherever possible. We recommend using our /883 data 
sheet as the guideline for your SCD’s. In instances where an 
available military specification or Harris /883 datasheet is 
inappropriate, it is Harris’ sincerest wish to work closely 
with the buyer in establishing an acceptable procurement 
document. For this reason, the customer is requested to 
contact the nearest Harris Sales Office or Representative 
before finalizing the Source Control Drawing. Harris looks 
forward to working with the customer prior to 
implementation of the formal drawing so that both parties 
may create a mutually acceptable procurement document. 
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IC Handling Procedures 


Harris IC processes are designed to produce the most 
rugged products on the market. However, no 
semiconductor is immune from damage resulting from the 
sudden application of many thousands of volts of static 
electricity. While the phenomenon of catastrophic failure of 
devices containing MOS transistors or capacitors is well 
known, even bipolar circuits can be damaged by static 
discharge, with altered electrical properties and diminished 
reliability. None of the common IC internal protection 
networks operate quickly enough to positively prevent 
damage. 


It is suggested that all semiconductors be handled, tested, 
and installed using standard “MOS handling techniques” of 
proper grounding of personnel and equipment. Parts and 
subassemblies should not be in contact with untreated 
plastic bags or wrapping material. High impedance IC 
inputs wired to a P.C. connector should have a path to 
ground on the card. . 


HANDLING RULES 


Since the introduction of integrated circuits with MOS 
structures and high quality junctions, a safe and effective 
means of handling these devices has been of primary 
importance. One method employed to protect gate oxide 
structures is to incorporate input protection diodes directly 
on the monolithic chip. However, there is no completely 
foolproof system of chip input protection in existence in the 
industry. In addition, most compensation networks in linear 
circuits’ are located at high impedance nodes, where 
protection networks would disturb normal circuit operation. 
If static discharge occurs at sufficient magnitude (2kV or 
more), some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low 
humidity environment. Thus it becomes necessary for 
additional measures to be implemented to eliminate or 
reduce static charge. It is evident, therefore, that proper 
handling procedures or rules should be adopted. 


Elimination or reduction of static charge can be 
accomplished as follows: 


e Use static-free work stations. Static-dissipative mats on 
work benches and floor, connected to common point 
ground through a 1MM resistor, help eliminate static 
build-up and discharge. Do not use metallic surfaces. 


e Ground all handling equipment. 


¢ Ground all handling personnel with a conductive bracelet 
through 1MQ. to ground (the 1MQ resistor will prevent 
electroshock injury to personnel). Transient product 
personnel should wear grounding heel straps when 
conductive flooring is present. 


e¢ Smocks and clothing of certain insulating materials 
(notably nylon) should not be worn in areas where 
devices are handled. These materials, highly dielectric in 
nature, will hold, or aid in the generation of a static 
charge. Where they cannot be eliminated,. natural 
materials such as cotton should be used to minimize 
charge generation capacity. Conductive smocks are also 
available as an alternative. 


¢ Control relative humidity to as high a level as practical. 
50% is generally considered sufficient. (Operations 
should cease if R.H. falls below 25%). 


¢ lonized air blowers reduce charge build-up in areas 
where grounding is not possible or practical. 


® Devices should be in conductive  static-shielded 
containers during all phases of transport. Leads may be 
shorted by tubular metallic carriers, conductive foam, or 
foil. . 


¢ In automated handling equipment, the belts, chutes, or 
other surfaces should be of conducting non-metal 
material. If this is not possible, ionized air blowers or 
ionizing bars may be a good alternative. 


ESD Handling Procedures 


Harris has developed a static control program that enables 
employees to detect problems generated by static 
electricity whether on site, in transit, or in the field. 
Controlling the requirements, methods, materials, and 
training for static protection of our products is ongoing and 
updated with new developments in electrostatic prevention. 
Harris has responded with controls and procedures as part 
of daily operations to be followed in all areas. 


The challenge is to insure all electrostatic control 
procedures are followed throughout the system — from 
manufacturing through end use. Unprotected integrated 
circuits can be destroyed or functionally altered by merely 
passing them through the electrostatic field of something as 
simple as Styrofoam” or human contact. 


Measures of Protection and Prevention 


When handling static sensitive devices, three standard 
procedures must be followed: 


1. Prior to any handling of static-sensitive components, the 
individual must be properly grounded. 


2. All static-sensitive Components must be handled at 
static safeguarded work stations. 


3. Containers and packing materials that are 
static-protective must be used when transporting all 
static-sensitive components. 


Special handling equipment (static-safeguarded work 
stations, conductive wrist straps, static-protected 
packaging, ionized air blowers) should be used to reduce 
damaging effects of electrostatic fields and charges. 


Static-safeguarded work station is an area that is free 
from all damaging electricity, including people. To 
accomplish this, static on conductors and nonconductors 
must be controlled. 


PERSONNEL 
GND STRAP 
(B) 


CHAIR 
WITH GND 
(OPTIONAL) 


ESD PROTECTIVE 
FLOOR MAT 
(OPTIONAL) 


Controlling electrically conductive items can _ be 
accomplished by bonding and grounding techniques. The 
human body is considered a conductor of electricity and is 
by far the greatest generator of static electricity. Personnel 
handling ICs must use con- ductive wrist straps to ground 
themselves. Simple body moves act like a _ variable 
capacitor, and can create static charges. In addition, 
conductive clothing is recommended for minimizing 
electrostatic build up. 


Static protective packaging prevents electric field from 
influencing or damaging ICs. An effective static-protective 
package exhibits three types of features: 


1. Antistatic protection that prevents triboelectric or 
frictional charging, 


2. Dielectric protection that insulates discharging, and 


3. Shielding or Faraday cage protection that prevents 
transient field penetration. 


Harris uses only packaging that exhibits all three features. 
Employees are required to adhere to the same 
static-protective packaging techiques during handling and 
shipment to assure device integrity is maintained. 


lonized air blowers aid in neutralizing charges on 
nonconductors such as synthetic clothing, plastics, and 
Styrofoam”. The blowers are placed at the work site and in 
close proximity to the IC handling area, since 
nonconductors do not lose or drain charges using normal 
grounding techniques. 


By using wrist straps, static-protected work stations and 
static-protected containers, Harris product quality is 
maintained throughout the product cycle. 


ESD PROTECTIVE 
TRAYS, ETC. 
(C) ESD PROTECTIVE 


TABE TOP 
(A) 


WORKBENCH 


FIGURE 2. STATIC-SAFEGUARDED WORK STATION 


NOTE 1. All electrical equipment on the conductive table top must be hard grounded and isolated from the table top. 


2. Earth ground is not computer ground or RF ground or any other limited ground. 


_ Styrofoam™ is a trademark of Dow Chemical Corporation 
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ELECTROSTATIC DISCHARGE CONTROL 
A GUIDE TO HANDLING INTEGRATED CIRCUITS 


This paper discusses methods and materials recommended 
for protection of ICs against ESD damage or degradation 
during manufacturing operations vulnerable to ESD expo- 
sure. Areas of concern include dice prep and handling, dice 
and package inspection, packing, shipping, receiving, 
- testing, assembly and all operations where ICs are involved. 


All integrated circuits are sensitive to electrostatic dis- 
charge (ESD) to some degree. Since the introduction of 
integrated circuits with MOS structures and high quality 
junctions, safe and effective means of handling these de- 
vices have been of primary importance. 


If static discharge occurs at a sufficient magnitude, 2kV or 
greater, some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low humidi- 
ty environment; thus it becomes necessary for additional 
measures to be implemented to eliminate or reduce static 
charge. Avoiding any damage or degradation by ESD when 
handling devices during the manufacturing flow is therefore 
essential. 


ESD Protection and 
Prevention Measures 


One method employed to protect gate oxide structures is to 
incorporate input protection diodes directly on the monolith- 
ic chip. However, there is no completely foolproof system of 
chip input protection in existence in the industry. 


In areas where ICs are being handled, certain equipment 
should be utilized to reduce the damaging effects of ESD. 
Typically, equipment such as grounded work stations, 
conductive wrist straps, conductive floor mats, ionized air 
blowers and conductive packaging materials are included 
in the IC handling environment. Any time an individual in- 
tends to handle an IC, in any way, they must insure they 
have been grounded to eliminate circuit damage. 


Grounding personnel can, practically, be performed by two 
methods. First, grounded wrist straps which are usually 
made of a conductive material, such as Velostat or metal. A 
resistor value of 1 megohm (1/2 watt) in series with the 
strap to ground completes a discharge path for ESD when 
the operator wears the strap in contact with the skin. Anoth- 
er method is to insure direct physical contact with a 
grounded, conductive work surface. 


This consists of a conductive surface like Velostat, covering 
the work area. The surface is connected to a 1 megohm 
(1/2 watt) resistor in series with ground. 


Copyright © Harris Corporation 1989 


In addition to personnel grounding, areas where work is be- 
ing performed with ICs, should be equipped with an ionized 
air blower. lonized air blowers force positive and negative 
ions simultaneously over the work area so that any 
nonconductors that are near the work surface would have 
their static charge neutralized before it would cause device 
damage or degradation. 


Relative humidity in the work area should be maintained as 
high as practical. When the work environment is less than 
40% RH, a static build-up condition can exist on 
nonconductors allowing stored charges to remain near the 
ICs causing possible static electricity discharge to ICs. 


Integrated circuits that are being shipped or transported 
require special handling and packaging materials to elimi- 
nate ESD damage. Dice or packaged devices should be in 
conductive carriers during all phases of transport and han- 
dling. Leads of packaged devices can be shorted by 
tubular metalic carriers, conductive foam or foil. 


Do’s and Don'ts for 

Integrated Circuit Handling 

Do’s | 

Do keep paper, nonconductive plastic, plastic foams and 
films or cardboard off the static controlled conductive 
bench top. Placing devices, loaded sticks or loaded burn-in 
boards on top of any of these materials effectively insulates 
them from ground and defeats the purpose of the static con- 
trolled conductive surface. 


Do keep hand creams and food away from static controlled 
conductive work surfaces. If spilled on the bench top, these 
materials will contaminate and increase the resistivity of the 
work area. | 


Do be especially careful when using soldering guns around 
conductive work surfaces. Solder spills and heat from the 
gun may melt and damage the conductive mat. 


Do check the grounded wrist strap connections daily. Make 
certain they are snugly fitted before starting work with the 
product. 


Do put on grounded wrist strap before touching any de- 
vices. This drains off any static build-up from the operator. 


Do know the ESD caution symbols. 


Do remove devices or loaded sticks from shielding bags 
only when grounded via wrist strap at grounded work sta- 
tion. This also applies when loading or removing devices 
from the antistatic sticks or the loading on or removing from 
the burn-in boards. 
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Do wear grounded wrist straps in direct contact with the 
bare skin - never over clothing. 


Do use the same ESD control with empty burn-in boards as 
with loaded boards if boards contain permanently mounted 
ICs as part of driver circuits. 


Do insure electrical test equipment and solder irons at an 
ESD control station are grounded and only uninsulated met- 
al hand tools be used. Ordinary plastic solder suckers and 
other plastic assembly aids shall not be used. 


Do use ionizing air blowers in static controlled areas when 
the use of plastic (nonconductive) materials cannot be 
avoided. 


Don’ts 


Don’t allow anyone not grounded to touch devices, loaded 
sticks or loaded burn-in boards. To be grounded they must 
be standing on a conductive floor mat with conductive heel 
straps attached to footwear or must wear a grounded wrist 
strap. 


Don't touch the devices by the pins or leads unless 
grounded since most ESD damage is done at these points. 


Don’t handle devices or loaded sticks during transport from 
work station to work station unless protected by shielding 
bags. These items must never be directly handled by any- 
one not grounded. 


Don’t use freon or chlorinated cleaners at a grounded work 
area. 


Don’t wax grounded static controlled conductive floor and 
bench top mats. This would allow build-up of an insulating 
layer and thus defeating the purpose of a conductive work 
surface. | 


Don’t touch devices or loaded sticks or loaded burn-in 
boards with clothing or textiles even though grounded wrist 
strap is worn. This does not apply if conductive coats are 
worn. 


Don’t allow personnel to be attached to hard ground. There 
must always be 1 megohm series resistance (1/2 watt 
between the person and the ground). 


Don’t touch edge connectors of loaded burn-in boards or 
empty burn-in boards containing permanently mounted 


WRIST STRAP GROUND 
LEAD IS ATTACHED TO 
CONDUCTIVE BENCH TOP 


ESD WARNING SYMBOLS 


Qa pe 


GROUND, i.e. COLD WATER 
PIPE OR EQUIVALENT 


driver circuits when not grounded. This also applies to 
burn-in programming cards containing ICs. 


Don’t unload stick on a metal bench top allowing rapid dis- 
charge of charged devices. 


Don’t touch leads. Handle devices by their package even 
though grounded. 


Don’t allow plastic “snow or peanut” polystyrene foam or 
other high dielectric materials to come in contact with de- 
vices or loaded sticks or loaded burn-in boards. 


Don’t allow rubber/plastic floor mats in front of static con- 
trolled work benches. 


Don’t solvent-clean devices when loaded in antistatic sticks 
since this will remove antistatic inner coating from sticks. 


Don’t use antistatic sticks for more than one throughput 
process. Used sticks should not be reused unless recoated. 


Recommended Maintenance 
Procedures 

Daily: 

Perform visual inspection of ground wires and terminals 
on floor mats, bench tops, and grounding receptacles to 


ensure that proper electrical connections via 1 megohm 
resistor (1/2 watt) exist. 


Clean bench top mats with a soft cloth or paper towel 
dampened with a mild solution of detergent and water. 


Weekly: 


Damp mop conductive floor mats to remove any accumu- 
lated dirt layer which causes high resistivity. 


Annually: 
Replace nuclear elements for ionized air blowers. 


Review ESD protection procedures and equipment for up- 
dating and adequacy. 


Static Controlled Work Station 


The figure below shows an example of a work bench prop- 
erly equipped to control electro-static discharge. Note that 
the wrist strap is connected to a 1 megohm resistor. This 
resistor can be omitted in the setup if the wrist strap has a 
1 megohm assembled on the cable attached. 


CONDUCTIVE WRIST 


R= 1 MEGOHM 
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Harris Digital IC Technologies 


Self Aligned Junction Isolation (SAJI) 


The most prevalent CMOS Technology was patented 
by Harris (#4,135,955) and has been in production at 
Harris since 1980. It incorporates self-aligned guard 
ring techniques and more recently planarization prior 
to first metal into the traditional complementary tran- 
sistor structures. 


The process begins on 1-0-0 N- type silicon, 
although a process option is available with N epi over 
N++ starting material to eliminate circuit latch-up due 
to parasitic SCR action. A sequence of oxidation, 
phoio resist delineation, Boron implant and diffusion 
create the P weil for the N channel devices. A critical 
feature of the diffusion causes all of the silicon crystal 
defects to be annihilated, resulting in a defect free 
zone for the transistors to be fabricated. 


Next, silicon nitride is deposited and etched to define 
the active NMOS and PMOS areas followed by 
implants which create the self aligned guard rings 
around the active devices. These guard rings provide 
electrical isolation between transistors and also raise 
the field thresholds of the parasitic MOS devices to 
allow leakage-free circuit operation. The self aligning 
of these guard rings allows a substantial reduction in 
circuit area. 


Following is the local oxidation and the conventional 
formation of the poly gate MOS transistors. The elec- 
trical channel length of these all implanted devices is 
1.5 micron. 


The field oxide and metalization structure are based 
on a time proved reflowed glass process with one 
important improvement. Prior to metal deposition the 
surface is planarized and the walls of the contacts 
are sloped which creates a final topography with 
excellent interconnect step coverage. The aluminum 
interconnect is silicon doped to prevent contact 


SOURCE METAL 


4 


SILICON - 
GATE 


spiking and improved reliability. The passivation, 
metalization and layout rules guarantee electro- 
migration free operation at + 125°C for over ten years. 


The principal advantages of the process can be sum- 
marized as: ® Low leakage operation 

e Latch-up free option. 
Good packing density 
Excellent step coverage 
Electromigration free designs 


This process has been successfully applied to numer- 
ous designs including static RAMs, microprocessors, 
peripherals, and custom ROM circuits. 


L7 


A newer, higher performance process, named L/7, 
builds on and enhances the basic CMOS technology. 
This 1.5 micron process has several advantages over 
the older 2.5 micron version. The epi over N++ start- 
ing material is standard with the epi thickness being 
scaled down in concert with the P well and device 
junctions. This brings even more latch-up immunity to 
all circuits on this technology. 


Transistors achieve electrical channel lengths of 1.0y 
typical with the N channel incorporating a double dif- 
fused LDD structure which eliminates susceptibility to 
hot electron damage. Of greatest impact is the use of 
a planarized double layer metal structure allowing 
greater layout freedom without introducing step cov- 
erage or electromigration concerns. The low stress 
oxinitride passivation provides moisture protection in 
plastic packages. 


The L7 process with its added features has been suc- 
cessfully employed on numerous semicustom and 
standard cell designs as well as supplying production 
quantities of the 80C286 microprocessor. 


DRAIN METAL 


FIGURE 3. SILICON-GATE PFET STRUCTURE 
CROSS-SECTION SHOWS THE HEAVILY DOPED SOURCE AND 
DRAIN REGION. THEY ARE SEPARATED BY THE NARROW GAP 
OVER WHICH LIES A THIN-GATE OXIDE AND GATE MATERIAL. 
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Packaging Techniques 


Harris Semiconductor offers Leadless Chip Carriers 
(LCC) as a packaging option on various Digital 
integrated circuits. An LCC is a square or rectangular 
package for an Integrated Circuit (IC) that is manu- 
factured in the same manner as a conventional 
side-braze dual-in-line package (DIP). The LCC is 
comprised of the cavity and seal ring section of a 
standard DIP and offers the user a means of achiev- 
ing high density system configurations while retaining 
the reliability benefits of hermetic IC Packaging. 
Figure 1 provides a comparison of the construction of 
an LCC and a conventional side-braze DIP. 


CHIP CARRIER 


Sx 


SEAL RING 


ne CAVITY 


lp 


CS cove ros 8 


EXTERNAL CONTACTS 


TRACES 


DIE PAD — 
— ig 


XTERNAL CONTACT PADS 
i * 


ASSEMBLY 


METAL LEADS 


FIGURE 1. 


EXPLODED VIEW OF CHIP CARRIER AND DIP 


The LCC’s two principle advantages over convention- 
al side-braze DIPs are packaging density and electri- 
cal performance. Packaging density is the number 
one advantage to an LCC over a side-braze DIP. The 
size of a DIP is governed primarily by the number of 
leads required and not by the size of the IC. As pin 
count increases, more and more of the DIP package 
is used only to provide an electrical trace path to the 
external leads. The size of an LCC is dependent on 
the size of the die not on the number of leads. As pin 
count increases, overall size increases but at a much 
slower rate. Table 1 provides a comparison between 
the areas of 18, 28 and 48 lead LCCs to 18, 28 and 
48 lead side-braze DIPs. 


TABLE 1. 
LEAD LCC DIP DIP AREA vs. 
COUNT AREA AREA LCC AREA 
18 0.10 0.22 220% 
2 0.20 0.84 420% 


0.31 1.68 542% 


(All Units in Square inches) 


The chart indicates a 220% improvement in packag- 
ing area for the 18 lead LCC, and 542% improvement 
for the 48 lead LCC. Obviously, sizeable savings in 
circuit board area can be achieved with this packag- 
ing option. The second major advantage of the LCC is 
in electrical performance. The package size and 
geometry also dictates trace length and uniformity. 
Figure 2 provides a comparison between the trace 
lengths for various LCCs and side-braze DIPs. As pin 
count goes up, trace lengths get longer, adding re- 
sistance and capacitance unequally around the pack- 
age. As ICs get faster and more complex these factors 
start to become a limiting factor on performance. 
LCCs minimize this effect by maintaining, as close as 
possible, uniform trace length so that the package is a 
significantly smaller determinant of system perform- 
ance. 


oo 


LEAD LONGEST TRACE DIP LONGEST TRACE 
COUNT |LONGESTTRACELCC | SHORTEST TRACE 
| tcc |e 


FIGURE 2. ELECTRICAL PERFORMANCE 
(RESISTANCE AND SPEED) 


The LCC also offers environmental advantages over 
“chip-and-wire” manufacturing techniques used in 
high density hybrid circuits. An IC can be fully tested, 
burned-in and processed in an LCC, thereby guaran- 
teeing its performance. 


The IC is further protected by a small hermetic pack- 
age in which internal vapor content can be carefully 
controlled during production. 


Harris Semiconductor Leadless Chip Carriers in both 
Ceramic and Epoxy provide reliable, high density, 
high performance packaging options for today’s sys- 
tems. 


Consult the factory or your Harris sales representative 
for pricing and availability. 
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ORDERING AND 
PACKAGING 


Ordering Information 


Harris Semiconductor products are represented by an 
extensive network of factory sales personnel, sales 
representatives, and authorized distributors throughout the 
world. Please contact your nearest sales office, 
representative, or distributor for product information, pricing, 
ordering, or delivery details. A complete list of sales offices 
is available by contacting the Harris Semiconductor literature 
department at (407) 724-3739. Headquarters are also listed 
at the end of this book. 


Product Code 


Harris products are designated by a “Product Code”. This 
code includes designators for the product family, device type, 
performance grade, temperature grade and package style. 
Examples of the product codes are shown below: 


80CXXX MICROPROCESSOR/PERIPHERAL PRODUCT CODE 


M D 80C86 -2 /B 
TEMPERATURE RANGE PART NUMBER ENHANCED SCREENING 
C: 0°C to +70°C 80CXXX: CMOS Microprocessor /B: -55°C to +125°C with Burn-in 
I: -40°C to +85°C 82CXXX: CMOS Peripheral /883: Fully Compliant to MIL-STD-883C 
M: -55°C to +125°C 
X: +25°C 
PACKAGE SPEED DESIGNATION 
D: Ceramic DIP PERIPHERALS MICROPROCESSORS 
G: Pin Grid Array (PGA) 5: S5MHz Blank: 5MHz 
P: Plastic DIP Biank: 8MHz 2: 8MHz 
R: Leadless Chip Carrier (LCC) 10: 10MHz 10: 10MHz 
S: Plastic Leaded Chip Carrier (PLCC) 12: 12.5MHz 12: 12.5MHz 
X: Unpackaged Device 16: 16MHz 
20: 20MHz 
25: 25MHz 
MEMORY/PERIPHERAL PRODUCT CODE 
H M 1 - 65162 B - 9 
PERFORMANCE 
PREFIX PACKAGE GRADE 
H (Harris) 1: Ceramic DIP B: High Performance 
3: Plastic DIP C: Relaxed Specification 
4: Leadless Chip Carrier S: Very High Speed 
(LCC) 
5: Ceramic Substrate 
6: Slimline 
9P: Small Outline (SOIC) S 
0: Chip Form ¢ g 
OG 
FAMILY PART NUMBER TEMPERATURE a S 
D: Digital 155XX: CMOS Manchester Encoder/ 5: 0°C to +70°C ra) g 
M: Memory Decoder (MED) 6: 100% 25°C Probe (Dice Only) oc Q. 
S: ARINC 3X82: ARINC 8: -55°C to +125°C with Burn-in Oo 
47/64XX: CMOS UART/MED 9: -40°C to +85°C 
65XXX: CMOS RAM /883: Fully Compliant to MIL-STD-883C 
66XX: CMOS PROM 
88XX: CMOS RAM Module 


Ordering Information 


CDOP1800-SERIES PRODUCT CODE 


CDP1802AC 


a 


PART NUMBER 


CDP18XX: Microprocessor/Periphera/RAM 
MWS51XX: RAM 


ICM 7170 


“t 


FAMILY 


ICL: Linear IC 
ICM: Peripheral 
IM: EPROM 


PART NUMBER 


X 


E 
PACKAGE ENHANCED SCREENING 
D: Side-Brazed Ceramic DIP X: -40°C to +85°C with Burn-in 
E: Plastic DIP /3: -55°C to +125°C with Burn-in 


Q: Plastic Leaded Chip Carrier 


(PLCC) 


+ 


TEMPERATURE RANGE 


C: 0°C to +70°C 
I: -40°C to +85°C 
M: -55°C to +125°C 
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ICLAICM/AIMXXXX PRODUCT CODE 


P G 
NUMBER OF PINS 
E: 16 
G: 24 
PACKAGE 


B: Small Outline (SOIC) 

D: Side-Brazed Ceramic DIP 
J: Ceramic DIP 

P: Plastic DIP 


Package Availability 


| CERAMIC LEADLESS PLASTIC LEADED 
PART NUMBER CERAMIC DIP PLASTIC DIP CHIP CARRIER CHIP CARRIER 


“MICROPROCESSORS 


CDP1802A, CDP1802AC 40LEAD* | 40LEAD 44 LEAD 
CDP1802BC 40 LEAD" 40 LEAD 44 LEAD 
CDP1804AC 40 LEAD" 40 LEAD 44 LEAD 


CDP1805AC 40 LEAD* 40 LEAD 44 LEAD 
CDP1806AC 40 LEAD 44 LEAD 
800286 68 LEAD 
80C86 40 LEAD 44 LEAD 


80C88 40 LEAD 40 LEAD 44 LEAD 


44 LEAD 
44 LEAD 


wea [aoiead [Sd 
[eorrasa, corieszc | eaten | ave | ——SSC—~S SSSSSCSSCS~S 
[eorrass, copresso___| _vetead" | vores [| —-~———Ssd| 
[eopress, ooPieseo | reread” | vatead[——-~—Ssds—CSOSCSS~S 
[eorras7, coris7o | veuead’ | weread[——-~——Sd—SSCSSSSCS~S 
feopta7ia copia7iac__ | aouead’_| aovead- | ——-~—~—~—S~dSCS*é‘“<~é TEAC” 
[eoprerac_—=SC~C~*wYC*Cit eA —«dY Sete | CCSC~dSCCSCSCSCS~S 
a OC 
feopre7sc_——~S~“‘“dtCSC‘ EA C*YSCSCeteD | CSCSC~C~—~—sSC“‘ SC~*r 
[eoprerycorier7e | _2eieay | sea | Sid SCS 
[eorte7a, corierac___ | aeieay | sues | ——-~——SC~idYSsC(CSC~C~CSCS~S~S 
[eoprers, corie7ec | eaten | seca | —-~——S~idCSCSCSCSS~SCS 
FSC eS 
[enprasa, coPisazo | vetead” | vetead_[ - —*+| SS 
[erraas, copiesso |_| moved | ~———SsdY—CSCSC—CSS—CS 
fewrvo_———SSCSC~dCSCS ee Pd CS 
[eocoesSSCSC~sSC~‘iBE Cd CPCCCC~d SC 
a2054 
[eons ——=SCS~*~*~C EAM SSSC*dCSCSC*~« EAD —*dtSC*« LEDC 
SDAIN COMMUNICATIONS Gy re To 


CDP1854A, CDP1854AC 40LEADY | 4OLEAD 44 LEAD 


CDP6402, CDP6402C 40 LEAD” 40 LEAD 
24 LEAD 
40 LEAD 40 LEAD 


28 LEAD 
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Package Availability 


- 48 LEAD 
_40LEAD |e 

24 LEAD EO ee 

16 LEAD* oe oe | 


20 LEAD 20 LEAD** 
28 LEAD 
“ouEaD | >| a4 LEAD 


1G LEAD 1G LEAD™ a 


@OLEAD wea | >| LEAD 
28 LEAD 28 LEAD 28 LEAD 28 LEAD 


fooptaaio———~—S*dY~SeueaD ] - sd S CCCd SCC 
[eopraae, copies | _eueao”_| mua _| sid SSSSCSCSCS~S 
[eopraas, cpriezsc | eeteao" | _aaueap| —-~———SidCSCSCSCSS~SCS 
[oopte2s, coprezac | teueay | teres | +i 
Teoprezsc ‘| ~—aueao’_|__maueap | Sid SCS 
Trwasoe————~—S~dSCi@ ue] __vauead | vores <p SSCS 
Tawasos | ~veueaisi | vous | ~———SidSCSCSSS 
Tawesie | veead | votead | voread |S 
Pwesie—————~+dY~SCt eA | —2ateab | eucaprecr |S 
Tawasiez | 2stead | _2stead | _sateapnect. | —S 
Pawasie_———~—S~S~*dCSCS EAD | tte fd SSC 
Prwasoes ‘| voueap | a0uead | 20leaDReGT. | _—-——S~S 
Prwasst_——S—~d;CSCte tea fe CTS 
OS BT 
Prweseaa___—~—S~*dtSCSCi ED] _aaceap | soieanecr | —SC~S 
Pawesi7__——=—SSCSCSC~*dCSCt aD | S~SSCS~*dtC eRe C*” 
ca 1 
rss —SSSC~iCSCtte | CdCCSC“SSCSC~‘iCSC“‘“SNSSC*” 
Tuwssior___———~—S~S~dtCCtete aD |e CSCSCSC~sYSCCSC‘“‘“(<C‘“*S*~™* 
Dwwssie——SC~*wrSCSCt «te P CSC~dSOSCSCSCSCS 


* Dual-in-Line Metal-Seal Ceramic Package (Side-Braze). 
** Available in Plastic DIP and SOIC. 
*** Available in Slim and Wide DIP. 


PART NUMBER MODULE SUBSTRATE 


‘RAMMODULES: 


CC TC 
fwsesso SiC 
woe Sd 
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Package Outlines 


Dual-In-Line Glass-Sealed Ceramic Package, 0.300 


DIM. | DIM. 
LEAD COUNT L L1 


16 LSI* - 0.016 0.300 | 0.100 | 0.125 0.015 - 
0.200 } 0.023 | 0.065 0.305 | 0.320 | BSC | 0.180 0.060 | 0.080 


0.016 | 0.050 | 0.008 | 0.882 | 0.285 | 0.300 | 0.100 | 0.125 0.015 |_- 

|_| ase | es | aos | ars | sas [oa] 6 [oo] | oo 

—_— | 0.016 | 0.050 | 0.008 | 0.940 | 0.285 | 0.300 | 0.100 | 0.125 | 0.150 | 0.015 |_- 
[seats | oss [one aos [oss] naz | 8° [aso |~ =| os [oom | |e 


“ End leads are half leads where B remains the same and B1 is 0.035 - 0.045. 
** Dimensions B and C maximum limits are increased by 0.003 for solder dip finish. 


Dual-In-Line Glass-Sealed Ceramic Package, 0.400 


DIM. | DIM. 

LEAD COUNT L L1 
22 0.016 | 0.050 | 0.008 | 1.055 | 0.375 | 0.400 | 0.100 | 0.125] 0.150] 0.015] - 0° 
0.023 | 0.065 | 0.015 | 1.085 | 0.395 | 0.420} BSC | o1go] - 0.060 | 0.080 15° 


* Dimensions B and C maximum limits are increased by 0.003 for solder dip finish. 


Dual-In-Line Glass-Sealed Ceramic Package, 0.600 


| DIM. DIM. | DIM. 
LEAD COUNT Cc L | 1 
24 - | 0.016 | 0.050 | 0.008 | 1.24 | 0.515 | 0.595 | 0.100 | 0.125 | 0.150 | 0.015] - | 0.005 
0.225 | 0.023 | 0.065 | 0.015 | 1.27 | 0.5351 0.615 | BSC |o180} - {|0.060/ 0.098! - 


-__ | 0.016 | 0.050 | 0.008 } 2.035 | 0.515 | 0.595 | 0.100 | 0.125 | 0.150 | 0.015 - 
0.225 | 0.023 | 0.065 | 0.015 | 2.096 | 0.535 | 0.615 | BSC | 0.180 - 0.060 | 0.098 


* Dimensions B and C maximum limits are increased by 0.003 for solder dip finish. 
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Dual-In-Line Metal-Seal Ceramic Packages 


8, (6[.000@® -.0301.76) MAX|C|A® 


18 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-AD) 


=] 
oO 


2 2 
re) =) 
on 


N 


0.28 
0.100 BSC 
0.300 BSC 


2 
oe) 


NOTES: 


1. Controlling dimension: Inch. In case of conflict between English and 
metric dimensions, the inch dimensions control. 


2. Dimensioning and Tolerancing per ANSI Y14.5M-1982. 


3. Symbols are defined in the “MS Series Symbol List” in Section 2.2 of 
publication No. 95. 


4. Dimensions A, A; and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. Dimension A includes the lid 
thickness, and may increase to 0.260 inches maximum when an 
EPROM lid is used. 


5. D and E, dimensions do not include particles (burrs and/or projec- 
tions) of package material. Such particles shall not exceed 0.010 
inches (0.25mm) per side. Includes allowances for glass overrun and 
meniscus, and lid-to-base mismatch. 


16 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015AC) | . 


[INCHES | MILLIMETERS 
NOTES 


syweo.{ MIN | MAX | MIN | MAX 
TA] 008s | 0200 | 216 | 6080 | 4 
“a, 002s | 0070 | oes | 178 | 4] 
8, | 0.045 | 0.065 | 114] 165 
A A 
[pb J-0780 | 0820 | 1981 | 20.83 
[= [0300 | 0s2s [782 | 826 
[~e; J 0200 [oat [7 | 7a7_ 
[~e | o1oonsc | 254680 


0200 | a1e | 508 


a 

ee ee 

ae 

| 5 

(Poca 

|e | 0.300Bsc_ |] 762BSC_ | 6 
a 

Cs Se 

| i2 


22 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-BB) 


since San [wan | an | sores 
Af 008s | 0200] 2.16 | 503 | 4 
A, Joos [0.070 | 06s | ive [4 
[8 } 0015 | 0022 | 036 | 056 | 9 
(8, __} 0.045 | 0.065] 1.14 | 165] 
[cf 0.000 | 0.015 | 023 | 028 | 9 
[~o | 1.060| 1.100 | 2692 [2794 [5 
[=| 0.400 | 0.425] 10.16 | 1080 | 6 
Ee, foe o4i0 | os fiom [5 
Te | o1oossc | _asseso | - 
[ex | _oaoossc_ | 1016Bsc__| 6 _| 
[foes [0.200 Eas 


6. Eand e, are measured with the leads constrained to be perpendic- 
ular to plane C. 


7. @g and ec are measured at the lead tips with the leads unconstrained. 
8. N is the maximum number of terminal leads. 


9. Maximum lead thickness includes all lead finishes. Minimum base 
material shall be 0.009 inches thick. 


10. Any raised irregularity on the top surface (step, mass, etc.) shall be 
symmetrical about the lateral and longitudinal package centerlines. 


11, Maximum fillet, including solder coat, if any. 

12. Measured from the top of the ceramic body to the nearest 
metallization or lead. 

13. Measured from the end of the ceramic body to the nearest 
metallization or lead. 
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Dual-In-Line Metal-Seal Ceramic 24 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
EDEC MS-015CA 
Packages (Continued) (JEDEC MS-015CA) 


MILLIMETERS 


= 
oO 
= 
m 
” 


es a 
To0es [0200 | a6 | 5.08 

0.070 | 064 | 1.78 
Toois | aoe] 038 | 056 
Poo [006s [ita] 165 
To00e | 001s} 023] 008 
31801220] 2897 [50.99 — 
1 = BO OC 
: ® EE Ef 0880 Posie tara [59 — 
Ce NE 

| ea | 15.24 BSC 

anes 


28 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 40 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-CB) (JEDEC MS-015-CE) 


L[ win | wax _[ MIN | MAX_| 
[A] 0085 | 0200 | 216 | 5.08 | 
06a [178 
[0015 | 002 | 038 | ose | 9 
[0.045 [0.065 _| ol 
ozs [oss | 9 | 
1980 | 2.020 3 
ae 
0.580 | 0.610 Eo 
0.100 BSC o1ooasc |  2ssasc | - | 
0.600 BSC em | _0e008sc_ | 1524Bsc__| 6 _ 
[0200 | aie | 508 | 4 
aaa, ceed 
oes [ - fos | - | 2 
a ae 
NOTES: 
1. Controlling dimension: Inch. In case of conflict between English and 6. Eand e, are measured with the leads constrained to be perpendic- 
metric dimensions, the inch dimensions control. ular to plane C. 
2. Dimensioning and Tolerancing per ANS! Y14.5M-1982. 7. eg and ec are measured at the lead tips with the leads unconstrained. 
3. Symbols are defined in the “MS Series Symbol List” in Section 2.2 of 8. N is the maximum number of terminal leads. 
publication No. 95. 9. Maximum lead thickness includes all lead finishes. Minimum base 
4. Dimensions A, A; and L are measured with the package seated in material shall be 0.009 inches thick. 
JEDEC seating plane gauge GS-3. Dimension A includes the lid 10, Any raised irregularity on the top surface (step, mass, etc.) shall be 
thickness, and may increase to 0.260 inches maximum when an symmetrical about the lateral and longitudinal package centerlines. 


EPROM lid is used. 


5. D and E, dimensions do not include particles (burrs and/or projec- 
tions) of package material. Such particles shall not exceed 0.010 
inches (0.25mm) per side. Includes allowances for glass overrun and 
meniscus, and lid-to-base mismatch. 


11. Maximum fillet, including solder coat, if any. 


12. Measured from the top of the ceramic body to the nearest 
metallization or lead. 


13. Measured from the end of the ceramic body to the nearest 
metallization or lead. 
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Dual-in-Line Plastic Packages 
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FIGURE 1 


18 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-001-AD) 


MILLIMETERS 
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NOTES: 


> 


a 


. Controlling Dimensions: Inch. In case of conflict between English and 


Metric dimensions, the inch dimensions control. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 


Publication No. 95. 


. Dimensions A, A; and L are measured with the package seated in 


JEDEC seating plane gauge GS-3. 


. Dand E, dimensions do not include mold flash or protrusions. Mold 


flash or protrusions shall not exceed 0.010 inch (0.25mm). 


16 


LEAD DUAL-IN-LINE PLASTIC PACKAGE 


(JEDEC MS-001-AA) 


INCHES MILLIMETERS 


20 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


(J 


EDEC MS-001-AE) 


0.100 BSC 
0.300 BSC 


6. E and e, are measured with the leads constrained to be perpen- 
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dicular to plane C. | 

7. @g and ec are measured at the lead tips with the leads uncon 
strained. ec must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 
in Figure 2. 


Dual-In-Line Plastic Packages (Continued) 
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FIGURE 1 


24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-011-AA) 


0 


0.100 BSC 


eae 
285 


2.93 


NOTES: 

1. Controlling Dimensions: Inch 
In case of conflict between English and Metric dimensions, the inch 
dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 

4. Dimensions A, A, and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D and E1 dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed 0.010 inch (0.25mm). 


22 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-010-AA) 


SYMBOL 


MILLIMETERS 


i.e) 
—_ 
Loe) 


oO 


1.120 


0.390 
0.330 


0.100 BSC 
0.400 BSC 
0.500 


C 0.008 


1.050 


> 

~ 
o1° 
—_ 
n> 
a 


26.67 


2.54 BSC 

10.16 BSC 

12.70 
4.06 


© 
> 


2.93 
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oO 
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28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-011-AB) 


INCHES 
symeou| MN 


MILLIMETERS 


NOTES 


0.022 
0.070 
0.015 
1.565 


ms 

ee Ce 
(8; [0030] : 
oe 


0.204 
35.1 


0.008 


~ 
N 


re) 
© 
N 


15.24 15.87 


14.73 


N 


Q 


0.580 


es eC | 
rs 


6. Eand e, are measured with the leads constrained to be perpen- 
dicular to plane C. 


7. eg and ec are measured at the lead tips with the leads uncon- 
strained. ec must be Zero or greater. 
8. N is the maximum number of terminal positions. 


9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 
in Figure 2. 
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ORDERING AND 


PACKAGING 


Dual-In-Line Plastic Packages (Continued) 


lo »& a : 

mere. 
; FIGURE 2 

iy ones = 
Sms 
= eyes 
ss 


sfG[owz Ole [4 [86] 


FIGURE 1 


NOTES: 

1. Controlling Dimensions: Inch 
In case of conflict between English and Metric dimensions, the inch 
dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 

4. Dimensions A, A, and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D and E1 dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed 0.010 inch (0.25mm). 


40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-011-AC) 


a 
es ee 
CC EE 
Tones [ores | 318 
CC A 
| 
Tacos [o01s | 0204 
[880 | 2005 [sos | 
Coos [- | 073 
Toes [aso | 1290 | 1473 


15.24 BSC 
17.78 7 


0.100 BSC 
0.600 BSC 
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6. E and e, are measured with the leads constrained to be perpen- 
dicular to plane C. 


7. ep and ec are measured at the lead tips with the leads uncon- 
strained. e¢ must be zero or greater. 
8. N is the maximum number of terminal positions. 


9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 
in Figure 2. 
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Small Outline (SO) Plastic Packages 
16 LEAD DUAL-IN-LINE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-013-AA) 


Tozer | ozeee | 740] 7.60 
] 


0.419 


| ZS}.10 (.004){C | 


SEATING PLANE 


won X 45° 


20 LEAD DUAL-IN-LINE SMALL OUTLINE PLASTIC PACKAGE 24 LEAD DUAL-IN-LINE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-013-AC) (JEDEC MS-013-AD) 


INCHES 
SYMBOL 
A 


Ta] 00028 


NOTES: 
1. Refer to applicable symbol list. 6. “L” is the length of terminal for soldering to a substrate. 
2. Dimensioning and tolerancing per ANS! Y14.5M-1982. 7. “N" is the number of terminal positions. 
3. Dimension “D” does not include mold flash, protusions or gate burrs. 8. Terminal numbers are shown for reference only. 
Mold flash, protusion and gate burrs shall not exceed 0.15mm (0.006 = g. The lead width “B’, as measured 0.36mm (0.014 in.) or greater 
in.) per side. above the seating plane, shall not exceed a maximum value of 
4. Dimension “E” does not include interlead flash or protusions. 0.61mm (0.024 in.) 
Interlead flash and protrusions shall not exceed 0.25mm (0.010 in.) 409, Controlling dimension: MILLIMETER. Converted inch 
per side. dimensions are not necessarily exact. 


5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 
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ORDERING AND 


PACKAGING 


Leadless Chip Carriers _ : 


[tea couT | DMA [ oMAT | DMei | DMD | OME | oMe | Omi | DMI2 


18 Rectangular 0.054 0.040 0.020 0.280 0.345 0.050 BSC 0.040 0.090 
0.075 0.063 0.030 0.295 0.360 0.050 0.110 


o.o22 | 0440 | 0.440 [oosossc| 0.045 | 0.075 
070 | 0.050 | 0.022 | 042 [ 0540 [oosopsc| 0.045 [| 0.075 
0.643 [| 0.643 [o.osoesc| 0.045 [ 0.075 


68 Pin Grid Array (PGA) 
80C286 


1.000 
BSC 


100 
BSC 


L. ms 
060 


SEATING PLANE 


| 20 
PINS TID 0.003 140 
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Plastic Leaded Chip Carrier Packages 


0.042 (1.07) 0.042 (1.07) 
oe PIN (1) [OENT 6.656 (1.42) 
[S[0.006 (0.10) [¢] 
.080 (1.27) TP 
0.025 (0.64), 
TOIT 14) 


0.020 (0.51) MAX 


3 
vee 0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 
6.027 (6.33) 
| 0.025 (0.64) 
DIMENSIONS IN PARENTHESES 0.060 (1.52) oT 
ARE MILLIMETER EQUIVALENTS 9.000 Ue) 
OF THE BASIC INCH DIMENSIONS MIN. 
VIEW “A” TYP. 


28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AB) 


68 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 


(JEDEC MO-047AE) 

T wax [wn | wax 

0200 [420 | 508 

Tors [229 [330 

[090s | 25.02 | 2527 

ce Ee 

asso [2261 | ase | 
[090s | 2502 | 2527 
[asso [oss | 2413 [2433 
Toso | 0900 | 2261 | 2502 | 
ee 


20 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AA) 


44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AC) 


12.70 BSC 


NOTES: 
1. To be determined at seating plane. 


2. Dimensions D1 and E1 do not include mold protrusions. 
Allowable mold protrusion is 0.254mrv/0.010 in. 


3. “N” is the number of terminal positions. 
4. Controlling dimensions: Inch. 


ORDERING AND 
PACKAGING 
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Module Substrate 


28 LEAD . | . 28 LEAD 
HM-8808/08A, HM-8832 HM-8816H 


. 1.386 | . 1.490 | 
1.414 1.520 


TE et) ee. 


' 
} 4 j 035, = -100 BSC 016 
-—-—— .048 = 023 
| | 100 BSC 016 
.023 
40 LEAD " 48 LEAD 
HM-6564 HM-92560 


1.980 
2.020 


4.287 1.305 
1.313 1.340 


48 LEAD 


| | .100 BSC 
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icroprocessor Products| 10) 


SALES OFFICES 


A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is available. Please order the 
Harris Sales Listing, BR-007 from the Literature Center or Harris AnswerFAX (see page i). 


HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 


U.S. HEADQUARTERS 
Harris Semiconductor 
2401 Palm Bay Road N. E. 
Palm Bay, Florida 32905 
TEL: (407) 724-7000 


SOUTH ASIA 

Harris Semiconductor H.K. Ltd 
13/F Fourseas Building 
208-212 Nathan Road 


Tsimshatsui, Kowloon Hong Kong 


TEL: (852) 723-6339 


HARRIS TECHNICAL ASSISTANCE AVAILABILITY: 
UNITED STATES 


CALIFORNIA Costa Mesa 
San Jose .... 
FLORIDA Palm Bay.... 
GEORGIA Duluth 
ILLINOIS Schaumburg 
INDIANA Carmel 
MASSACHUSETTS Burlington. ... 
NEW JERSEY Voorhees .... 
NEW YORK Hauppauge 
Wappingers Falls 
TEXAS Dallas 
INTERNATIONAL | 
FRANCE Paris 
GERMANY Munich 
HONG KONG Kowloon..... 
ITALY Milano 
JAPAN Tokyo 
KOREA Seoul 
SINGAPORE Singapore. ... 
TAIWAN Taipei 
UNITED KINGDOM Camberley ... 


EUROPEAN HEADQUARTERS 
Harris Semiconductor 

Mercure Center 

100, Rue de la Fusee 

1130 Brussels, Belgium 

TEL: 32 2 724 21 11 


NORTH ASIA 

Harris K.K. 

Kojimachi-Nakata Bidg. 4F 
5-3-5 Kojimachi 

Chiyoda-ku, Tokyo 102 Japan 
TEL: (81) 3-3265-7571 

TEL: (81) 3-3265-7572 (Sales) 


re re ee re 714-433-0600 
ee ee ee eee 408-985-7322 


Ee re ee ee 407-729-4984 
Bie otha at nanan pene uchiha tk Mts wie 404-476-2035 
Pale aang Seon en en lee Ate teats 708-240-3480 
CG BIDS hn Se ORs Cae eS 317-843-5180 
5 ah isaeen ti Reed Aa ees yeas egrictearass 617-221-1850 
Saawie aie ie eS else sae ie 609-751-3425 
Sabtahayeat diceepchwnds w Gaudea a ares 516-342-0291 


atone Ae asd Bae Rew as 914-298-1920 


ee ee ee oe ee ne ee ee 214-733-0800 


scetaisatan a wie deter arts talhen, aes acme eat wate wee hace aN 82-2-551-0931 
rene re ere 65-291-0203 
rae eee eee eee ee 886-2-716-9310 
ee rr ee eee . -44-2-766-86886 


For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS), 
or for immediate fax service using Harris AnswerFAX dial 407-724-7800 
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North American Sales Offices and Representatives 


ALABAMA 
Harris Semiconductor 


600 Boulevard South 
Suite 103 

Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 
Compass Mktg. & Sales, Inc. 
11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 


P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 577-0580 
FAX: 602 577 0581 


CALIFORNIA 

Harris Semiconductor 
1503 So. Coast Drive 
Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
3031 Tisch Way 

1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


CK Associates 

8333 Clairemont Mesa Blvd. 
Suite 102 

San Diego, CA 92111 

TEL: (619) 279-0420 

FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


Ewing Foley, Inc. 
895 Sherwood Lane 
Los Altos, CA 94022 
TEL: (415) 941-4525 
FAX: 415 941 5109 


Vision Technical Sales, Inc. 
26010 Mureau Road 

Suite 140 

Calabasas, CA 91302 

TEL: (818) 878-7955 

FAX: 818 878 7965 


* 


* 


* 


CANADA 
Blakewood Electronic 
Systems, Inc. 
#201 - 7382 Winston Street 
Burnaby, BC 
Canada V5A 2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 


Ciark Hurman Associates 
Unit 14 

20 Regan Road 

Brampton, Ontario 

Canada L7A IC3 

TEL: (905) 840-6066 

FAX: 905 840-6091 


308 Palladium Drive 
Suite 200 

Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 
Compass Mktg. & Sales, Inc. 
5600 So. Quebec St. 
Suite 350D 
Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 


CONNECTICUT 
Advanced Tech. Sales, Inc. 


Westview Office Park 

Bidg. 2, Suite 1C 

850 N. Main Street Extension 
Wallingford, CT 06492 

TEL: (508) 664-0888 

FAX: 203 284 8232 


FLORIDA 
Harris Semiconductor 
* 2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 

FAX: 407 723 3845 


Sun Marketing Group 

4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 

TEL: (813) 536-5771 

FAX: 813 536 6933 


Sun Marketing Group 

600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (305) 429-1077 

FAX: 305 429 0019 


GEORGIA 
Giesting & Associates 

* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


ILLINOIS 
Harris Semiconductor 
* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 


" Field Application Assistance Available 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (708) 640-1850 

FAX: 708 640 9432 


INDIANA 
Harris Semiconductor 
* 11590 N. Meridian St. 
Suite 100 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 


IOWA 
Oasis Sales 
4905 Lakeside Dr., NE 
Suite 203 
Cedar Rapids, 1A 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 
Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
Giesting & Associates 
204 Pintail Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


MARYLAND 
New Era Sales, Inc. 
890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEI: (410) 761-4100 
FAX: 410 761-2981 


MASSACHUSETTS 
Harris Semiconductor 
* Six New England Executive Pk. 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 

FAX: 508 664 5503 


MICHIGAN 
Harris Semiconductor 


* 27777 Franklin Rd., Suite 460 
Southfield, Ml 48034 
TEL: (810) 746-0800 
FAX: 810 746 0516 


Giesting & Associates 

34441 Eight Mile Rd., Suite 113 
Livonia, Mi 48152 

TEL: (810) 478-8106 

FAX: 810 477 6908 
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_ Giesting & Associates 


1279 Skyhills N.E. 
Comstock Park, MI 49321 
TEL: (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 


Oasis Saies 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 


Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 

TEL: (314) 291-5003 

FAX: 314 291 7958 


NEBRASKA 


* 


Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: 913 782 8641 


NEW JERSEY 


Harris Semiconductor 
Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 

TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 


NEW YORK 


+ 


Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falis, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0219 

FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


North American Sales Offices and Representatives (Continued) 


Foster & Wager, Inc. 
2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 

FAX: 716 586 1359 


Foster & Wager, Inc. 
7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Trionic Associates, Inc. 
320 Northern Blvd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 


NORTH CAROLINA 
Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 405-3600 
FAX: 919 405 3660 


New Era Sales 

1110 Navajo Dr., Suite 203 
Raleigh, NC 27609 

TEL: (919) 878-0400 

FAX: 919 878 8514 


OHIO 
Giesting & Associates 


P.O. Box 39398 
2854 Biue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 752-5900 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


OKLAHOMA 
Nova Marketing 
8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 317 1091 


OREGON 
Northwest Marketing Assoc. 


6975 SW Sandburg Rd. 
Suite 330 

Portland, OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 


PENNSYLVANIA 
Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


TEXAS 

Harris Semiconductor 

17000 Dallas Parkway, Suite 205 
Dallas, TX 75248 

TEL: (214) 733-0800 

FAX: 214 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


* 


North American Authorized Distributors and Corporate Offices 
Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 
7550 E. Redfield Rd. 
Scottsdale, AZ 85260 
TEL: (602) 483-9400 
FAX: (602) 443 3898 


Arrow/Schweber 
Electronics Group 
25 Hub Dr. 

Melville, NY 11747 
TEL: (516) 391-1300 
FAX: 516 391 1644 


Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


Farnell Electronic Services 
(Formerly ITT Multicomponents) 
300 North Rivermede Rd. 
Concord, Ontario 

Canada L4K 3N6 

TEL: (416) 798-4884 

FAX: 416 798 4889 


Gerber Electronics 

128 Carnegie Row 
Norwood, MA 02062 

TEL: (617) 769-6000, x156 
FAX: 617 762 8931 


Hamilton Halimark 

10950 W. Washington Bivd. 
Culver City, CA 90230 
TEL: (310) 558-2000 

FAX: 310 558 2809 (Mil) 
FAX: 214 343 5988(Com) 


Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
FAX: 312 275-9596 


Wyle Laboratories 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 


December 1994 


8350 Meadow Rad., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium II, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 

TEL: (713) 240-6082 

FAX: 713 240 6094 


UTAH 


Compass Mktg. & Sales, Inc. 
5 Triad Center, Suite 320 

Salt Lake City, UT 84180 
TEL: (801) 322-0391 

FAX: 801 322-0392 


WASHINGTON 


Northwest Marketing Assoc. 
12835 Bel-Red Road 

Suite 330N 

Bellevue, WA 98005 

TEL: (206) 455-5846 

FAX: 206 451 1130 


WISCONSIN 


Oasis Sales 

1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Zeus Electronics, 

An Arrow Company 
100 Midland Avenue 
Pt. Chester, NY 10573 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 
FAX: 914 937-2553 


Obsolete Products: 


Rochester Electronic 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


North American Authorized Distributors 


ALABAMA 
Arrow/Schweber 


Huntsville 
TEL: (205) 837-6955 


Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 


Wyle Laboratories 
Huntsville 
TEL: 205) 830-1119 


Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


ARIZONA 
Alliance Electronics, Inc. 
Gilbert 
TEL: (602) 813-0233 


Scottsdale 
TEL: (602) 483-9400 


Arrow/Schweber 
Tempe 

TEL: (602) 431-0030 
Hamilton Halimark 
Phoenix 

TEL: (602) 437-1200 


Wyle Laboratories 
Phoenix 
TEL: (602) 437-2088 


* Field Application Assistance Available 


Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


CALIFORNIA 
Alliance Electronics, Inc. 
Santa Clarita 
TEL: (805) 297-6204 


Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 


Fremont 
TEL: (408) 432-7171 


irvine 
TEL: (714) 587-0404 
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San Diego 
TEL: (619) 565-4800 


San Jose 
TEL: (408) 441-9700 


Hamilton Halimark 
Costa Mesa 
TEL: (714) 641-4100 


Los Angeles 

TEL: (818) 594-0404 
Sacramento 

TEL: (916) 624-9781 
San Diego 

TEL: (619) 571-7540 
San Jose 

TEL: (408) 435-3500 
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North American Authorized Distributors (Continued) 


Wyle Laboratories 
Calabasas 
TEL: (818) 880-9000 


irvine 
TEL: (714) 863-9953 


Rancho Cordova 
TEL: (916) 638-5282 
San Diego © 

TEL: (619) 565-9171 
Santa Clara 

TEL: (408) 727-2500 


Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 
Irvine 

TEL: (714) 921-9000 

TEL: (800) 52-HI-REL 


CANADA 
Arrow/Schweber 


Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (905) 670-7769 


Farnell Electronic Services 
Burnaby, British Columbia 
TEL: (604) 291-8866 


Calgary, Alberta 
TEL: (403) 273-2780 


Concord, Ontario 
TEL: (416) 798-4884 


V. St. Laurent, Quebec 
TEL: (514) 335-7697 | 


Nepean, Ontario 
TEL: (613) 596-6980 


Winnipeg, Manitoba 
TEL: (204) 786-2589 


Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 


Montreal 

TEL: (514) 335-1000 
Ottawa 

TEL: (613) 226-1700 


Vancouver, B.C. 
TEL: (604) 420-4101 


Toronto 
TEL: (905) 564-6060 


COLORADO 
Arrow/Schweber 


Englewood 
TEL: (303) 799-0258 
Hamilton Hallmark 


Denver 

TEL: (303) 790-1662 
Colorado Springs 
TEL: (719) 637-0055 


Wyle Laboratories 
Thornton 
TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 
Alliance Electronics, Inc. 


Shelton 
TEL: (203) 926-0087 


Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 


Hamilton Hallmark 
Danbury 
TEL: (203) 271-2844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 
Arrow/Schweber 


Deerfield Beach 
TEL: (305) 429-8200 


Lake Mary 
TEL: (407) 333-9300 


Hamilton Hallmark 
Miami 

TEL: (305) 484-5482 
Orlando 

TEL: (407) 657-3300 


Largo 
TEL: (816) 541-7440 


Wyle Laboratories 
Fort Lauderdale 
TEL: (305) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 
Arrow/Schweber 


Duluth 
TEL: (404) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (404) 623-5475 


Wyle Laboratories 
Duluth 
TEL: (404) 441-9045 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


ILLINOIS 
Alliance Electronics, Inc. 
Vernon Hills 
TEL: (708) 949-9890 


Arrow/Schweber 
Itasca 
TEL: (708) 250-0500 


Hamilton Hallmark 
Chicago 

TEL: (708) 860-7780 
Newark Electronics, Inc. 
Chicago 

TEL: (312) 907-5436 


“ Field Application Assistance Available 


Wyle Laboratories 
Addison 
TEL: (708) 620-0969 


Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


INDIANA 
Arrow/Schweber 


Indianapolis 
TEL: (317) 299-2071 


Hamilton Hallmark 
indianapolis 
TEL: (317) 872-8875 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


iOWA 
Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 


Hamilton Hallmark 
Cedar Rapids 
TEL: (319) 362-4757 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 
Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Hamilton Halimark 
Kansas City 
TEL: (913) 888-4747 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MARYLAND 
Arrow/Schweber 


Columbia 
TEL: (301) 596-7800 


Hamilton Halimark 
Baltimore 
TEL: (410) 988-9800 


Wyie Laboratories 
Columbia 
TEL: (410) 312-4844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 
Alliance Electronics, Inc. 
Winchester 
TEL: (617) 756-1910 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Gerber 

Norwood 

TEL: (617) 769-6000 
Hamilton Hallmark 
Peabody 

TEL: (508) 532-9893 
Wyle Laboratories 
Burlington 

(617) 272-7300 
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Zeus, An Arrow Company 
Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


MICHIGAN 


Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Hamilton Hallmark 
Detroit 

TEL: (313) 347-4271 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


MINNESOTA | 


Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 


Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 


Wyle Laboratories 
Minneapolis 

TEL: (612) 853-2280 

Zeus, An Arrow Company 


TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MISSOURI 


Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton Hallmark 

St. Louis 

TEL: (314) 291-5350 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


NEW JERSEY 


Arrow/Schweber 
Mariton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 
TEL: (201) 515-1641 


Wyle Laboratories 
Mt. Laurel 
TEL: (609) 439-9110 


Pine Brook 

TEL: (201) 882-8358 

Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NEW MEXICO 


Hamilton Hallmark 
Albuquerque 

TEL: (505) 828-1058 

Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


NEW YORK 


Alliance Electronics, Inc. 
Binghamton 
TEL: (607) 648-8833 


Huntington 
TEL: (516) 673-1930 


Arrow/Schweber 
Farmingdale 
TEL: (516) 293-6363 


Hauppauge 
TEL: (516) 231-1000 


Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 
TEL: (716) 427-0300 


Hamilton Hallmark 
Long Island 
TEL: (516) 434-7400 


Rochester 
TEL: (716) 475-9130 


Ronkonkoma 
TEL: (516) 737-0600 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NORTH CAROLINA 
Arrow/Schweber 
Raleigh 

TEL: (919) 876-3132 


EMC 
Charlotte 
TEL: (704) 394-6195 


Hamilton Hallmark 
Raleigh 
TEL: (919) 872-0712 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 

Alliance Electronics, Inc. 
Dayton 

TEL: (513) 433-7700 
Arrow/Schweber 


Solon 
TEL: (216) 248-3990 


Centerville 
TEL: (513) 435-5563 


EMC 
Columbus 
TEL: (614) 299-4161 


Hamilton Hallmark 
Cleveland 
TEL: (216) 498-1100 


Columbus 

TEL: (614) 888-3313 
Dayton 

TEL: (513) 439-6735 
Toledo 

TEL: (419) 242-6610 

Zeus, An Arrow Company 
TEL: (708) 595-9730 

TEL: (800) 52-HI-REL 


OKLAHOMA 


Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 


Hamilton Hallmark 
Tulsa 
TEL: (918) 254-6110 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 


Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Hamiiton Hallmark 
Portland 
TEL: (503) 526-6200 


Wyle Laboratories 
Beaverton 
TEL: (503) 643-7900 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 


Arrow/Schweber 
Pittsburgh 
TEL: (412) 963-6807 


Hamilton Hallmark 
Pittsburgh 

TEL: (412) 281-4150 

Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


TEXAS 


Alliance Electronics, Inc. 
Carrollton 
TEL: (214) 492-6700 


North American Authorized Distributors (Continued) 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 
TEL: (713) 647-6868 


Hamilton Hallmark 
Austin 
TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 
TEL: (713) 781-6100 


Wyle Laboratories 
Austin 
TEL: (512) 345-8853 


Houston 
TEL: (713) 879-9953 


Richardson 
TEL: (214) 235-9953 


Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 


Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 


Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 


Wyle Laboratories 

West Valley City 

TEL: (801) 974-9953 
Zeus, An Arrow Company 


TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WASHINGTON 


European Sales Offices and Representatives 


European Sales Headquarters 


Harris S.A. 

Mercure Center 

Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 

FAX: 32 2 724 2205/...09 


* Field Application Assistance Available 


AUSTRIA 


Eurodis Electronics GmbH 
Lamezanstrasse 10 

A - 1232 Vienna 

TEL: 43 1 61062-0 

FAX: 43 1610625 


Almac/Arrow 
Bellevue 
TEL: (206) 643-9992 


Hamilton Hallmark 
Seattle 
TEL: (206) 881-6697 


Wyle Laboratories 
Redmond 

TEL: (206) 881-1150 

Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


DENMARK 
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WISCONSIN 
Arrow/Schweber 


Brookfield 
TEL: (414) 792-0150 


Hamilton Halimark 
Milwaukee 
TEL: (414) 780-7200 


Wyle Laboratories 
Waukesha 
TEL: (414) 521-9333 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


Harris Semiconductor 
Chip Distributors 
Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 


Elmo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, inc. 
1805 Rutherford Lane 

Austin, TX 78754 

TEL: (512) 834-2022 

FAX: (512) 837-6285 


Puerto Rican 


Authorized Distributor 
Hamilton Hallmark 
TEL: (809) 731-1110 


South American 


Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 
Graftec Electronics 
Av. Moema 538 
04077-022 Sao Paulo - SP 
Brasil 
TEL: 011 55 11 572 2727 
FAX: 011 55 11 575 7519 


FINLAND 
J. Havulinna & Son 
Reinikkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 


SALES OFFICES 


European Sales Offices and Representatives (Continued) 


FRANCE 
Harris Semiconducteurs SARL 


* 2-4, Avenue de I'Europe 
F - 78941 Velizy Cedex 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 


GERMANY 

Harris Semiconductor GmbH 
Putzbrunnerstrasse 69 
D-81739 Miinchen 

TEL: 49 89 63813-0 

FAX: 49 89 6377891 


Harris Semiconductor GmbH 
Kieler Strasse 55-59 

D-25451 Quickborn 

TEL: 49 4106 50 02-04 

FAX: 49 4106 6 88 50 


Harris Semiconductor GmbH 
Wegener Strasse, 5/1 

D - 71063 Sindelfingen 

TEL: 49 7031 8 69 40 

FAX: 49 7031 87 38 49 


Ecker Michelstadt GmbH 
in den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Micheistadt 
TEL: 49 6061 22 33 

FAX: 49 6061 50 39 


* 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 60 65 
FAX: 49 2502 18 89 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 


Hartmut Welte 
Hepbacher Strasse 11A 
D - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 


ISRAEL 
Aviv Electronics Ltd 
Hayetzira Street, 4 ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


European Authorized Distributors 


AUSTRIA 
Avnet E2000 GmbH 
Waidhausenstrasse 19 
A- 1140 Wien 
TEL: 43 1 9112847 
FAX: 43 19113853 


EBV Elektronik 
Diefenbachgasse 35/6 
A - 1150 Wien 

TEL: 43 1 8941774 
FAX: 43 1 8941775 


Eurodis Electronics GmbH 
Lamezanstrasse 10 

A - 1232 Wien 

TEL: 43 1 610620 

FAX: 43 1 610625 


Spoerle Electronic 
Heiligenstadter Str. 52 
A- 1190 Wien 

TEL: 43 1 31872700 
FAX: 43 1 3692273 


* 


BELGIUM 
Diode Belgium 

* Keiberg I! 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 

* Excelsiorlaan 35 
B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


Eurodis Texim Electronics 
* Avenue des Croix de 

Guerre 116 

B - 1120 Brussels 

TEL: 32 2 247 49 69 

FAX: 32 2 215 81 02 


DENMARK 
Avnet Nortec 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 


Ditz Schweitzer 
Vallensbaekvej 41 
Postboks 5 

DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 


FINLAND 
Avnet Nortec 
Italahdenkatu, 18 
SF - 00210 Helsinki 
TEL: 358 061 318250 
FAX: 358 069 22326 


Bexab 

Sinimaentie 10C 

P.O. Box 51 

SF - 02630 ESPOO 
TEL: 358.0.50 23 200 
FAX: 358.0.50 23 294 


“ Field Application Assistance Available 


ITALY 
Harris SRL 


* Viale Fulvio Testi, 126 
1-20092 Cinisello Balsamo, 
(Milan) 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 
FAX: 39 2 262 22 687 (Disti) 
39 2 262 22 158 (ROSE) 


NETHERLANDS 
Harris Semiconductor SA 


Benelux OEM Sales Office 
Kouterstraat 6 

NL - 5345 AR Oss 

TEL: 31 4120 38561 

FAX: 31 4120 34419 


SPAIN 
Elcos S.L. 
C/Avda. Europa, 30 1 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


TURKEY 
EMPA 


Besyol Londra Asfalti 

TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 

FAX: 90 1 599 3059 


FRANCE 
3D 
ZI des Glaises 
6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


Arrow Electronique 
73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis 

TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 05 96 


Avnet EMG France 

79, Rue Pierre Semard 
F-92320 Chatillon Sous Bagneux 
TEL: 33 1 49 65 25 00 

FAX: 33 1 49 65 25 39 


CCI Electronique 

5, Rue Marcellin Berthelot 
Zone Industrielle D'Antony 
BP 92 

F - 92164 Antony Cedex 
TEL: 33 1 46 74 47 00 
FAX: 33 1 40 96 92 26 


z 


+ 
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UNITED KINGDOM 


* 


Harris Semiconductor Ltd 
Riverside Way 

Camberley 

Surrey GU15 3YQ 

TEL: 44 276 686 886 

FAX: 44 276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 


Comtech House 

Redgate Road 

South Lancashire Indust. Estate 
Ashton-In-Makerfield 

Wigan WN4 8DT 

TEL: 44 942 274731 

FAX: 44 942 274732 


Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 555 751566 
FAX: 44 555 751562 


Harris Semiconductor 
Chip Distributors 


Edgetek/Rood Tech 
Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 


Elmo 

Z. A. De La Tuilerie 

B. P. 1077 

78204 Mantes-La-Jolie 
TEL: 33 1 34 77 16 16 
FAX: 33 1 34 77 95 79 
TWX: 699737 


Hybritech CM (HCM) 

7, Avenue Juliot Curie 

F - 17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 

FAX: 33 46 45 04 44 

TWX: 793034 


EASTERN COUNTRIES 


HEV GmbH 
Alexanderplatz 6 

D - 10178 Berlin 
TEL: 49 30 2483400 
FAX: 49 30 2483424 


European Authorized Distributors (Continued) 


GERMANY 
Avnet/E2000 


Stahlgruberring, 12 
D - 81829 Miinchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


EBV Elektronik GmbH 
Hans-Pinsel-Strasse 4 

D - 85540 Haar-bei-Muinchen 
TEL: 49 89 45610-0 

FAX: 49 89 464488 


Eurodis Enatechnik 
Electronics GmbH 
Pascaikehre, 1 

D - 25451 Quickborn 
P.B. 1240 

D - 25443 Quickborn 
TEL: 49 4106 701-0 
FAX: 49 4106 701 268 


Indeg Industrie Elektronik 
Emil K6mmerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 9 40 65 
FAX: 49 6331 9 40 64 


Sasco Semiconductor 
GmbH 

Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Munchen 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL: 49 6103 3 04-0 
FAX: 49 6106 3 04-201 


* 


GREECE 
Semicon Co. 
104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 
Aviv Electronics 
Hayetzira Street 4, Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


ITALY 
EBV Elektronik 
* Via C. Frova, 34 
I - 20092 Cinisello Balsamo (MI) 
TEL: 39 2 660 17111 
FAX: 39 2 660 17020 


Eurelettronica 

Via Enrico Fermi, 8 

I - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


* Field Application Assistance Available 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 


Silverstar 

Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 


NETHERLANDS 

* Auriema Nederland BV 
Beatrix de Rijkweg 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX: 31 40 510255 


Diode Spoerle 

Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 3402 912 34 
FAX: 31 3402 359 24 


Diode Spoerle 

Postbus 7139 

NL - 5605 JC Eindhoven 
TEL: 31 40 54 54 30 
FAX: 31 40 53 55 40 


EBV Elektronik 
Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 

FAX: 31 3465 642 77 


* 


* 


NORWAY 
Avnet Nortec 
Smedsvingen 4B 
Box 123 
N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 
Amitron-Arrow 
Quinta Grande, Lote 20 
Alfragide 
P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SPAIN 
Amitron-Arrow S.A. 
Albasanz, 75 
SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 

* Calle Maria Tubau, 6 
SP - 28049 Madrid 
TEL: 34 1 358 86 08 
FAX: 34 1 358 85 60 


SWEDEN 
Avnet Nortec 
Englundavagen 7 
P.O. Box 1830 
S - 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, 10A 

S - 183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 


SWITZERLAND 
Avnet E2000 AG 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix Fur Elektronik 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 41127611 11 
FAX: 41 1 2761234 


EBV Elektronik 
Vordstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 7401090 
FAX: 41 17415110 


Eurodis Electronic AG 
Bahnstrasse 58/60 

CH - 8105 Regensdorf 
TEL: 41 1 84 33 111 
FAX: 41 18433 910 


Fabrimex Spoerle 
Kirchenweg 5 

CH - 8032 Zurich 
TEL: 41 1 38 68 686 
FAX: 41 1 38 32379 


* 


TURKEY 
EMPA 
Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 


UNITED KINGDOM 
Arrow-Jermyn Electronic 
Vestry Industrial Estate 
Sevenoaks 
Kent TN14 5EU 
TEL: 44 732 743743 
FAX: 44 732 451251 


Avnet Emg 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 462 488500 

FAX: 44 462 488567 


Farnell Electronic 
Components 

Armley Road, Leeds 

West Yorkshire LS12 2QQ 
TEL: 44 532 790101 

FAX: 44 532 633404 


Farnell Electronic 
Services 

Edinburgh Way. 
Harlow 

Essex CM20 2DE 
TEL: 44 279 626777 
FAX: 44 279 441687 


10-7 


December 1994 


Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 
TEL: 44 628 76176 
FAX: 44 628 783799 


Thame Components 

Thame Park Rd. 

Thame, Oxfordshire OX9 3UQ 
TEL: 44 844 261188 

FAX: 44 844 261681 


Harris Semiconductor 


Chip Distributors 
Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


South African 
Authorized Distributor 
TRANSVAAL 

Allied Electronic Components 

10, Skietlood Street 

Isando, Ext. 3, 1600 

P.O. Box 69 

Isando, 1600 

TEL: 27 11 392 3804/. ..19 

FAX: 27 11 974 9625 

FAX: 27 11 974 9683 


Asian Pacific 
Sales Offices and 
Representatives 


NORTH ASIA 
Sales Headquarters 
‘AN 


Harris K.K. 
Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 
FAX: (81) 3-3265-7575 
SOUTH ASIA 
Sales Headquarters 
HONG KON 
Harris Semiconductor H.K. Ltd. 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: (852) 723-6339 


TEL: (612) 878-1299 
FAX: (612) 878-1266 


FAX: (852) 739-8946 ” 
TLX: 78043645 ul 
o 

AUSTRALIA a 
VSI Electronics Pty, Ltd. Oo 
Unit C 6-8 Lyon Park Road ”) 
North Ryde NSW 2113 ui 
< 

” 


Asian Pacific Sales Offices and Representatives (Continued) — 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682_. 


KOREA 
Harris Semiconductor YH 
RM #419-14 
Korea Air Terminal Bidg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 


Inhwa Company, Ltd. 
Room #305 

Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 

TEL: 822-279-3614 

FAX: 822-272-6496 


PHILIPPINES 
Intergral Silicon Solution, Inc. 
6th Floor Peakson Bidg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 


SINGAPORE 
Harris Semiconductor Pte Ltd. 
105 Boon Keng Road 
#01-18/19 Singapore 1233 
TEL: (65) 291-0203 
FAX: (65) 293-4301 
TLX: RS36460 RCASIN 


Asian Pacific Authorized Distributors 


AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


CHINA 
Means Come Ltd. 


Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Hom, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 


Sunnice Electronics Co., Ltd. 


Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 

TEL: (852) 790-8073 

FAX: (852) 763-5477 


HONG KONG 
Array Electronics Limited 
24/F., Wyler Centre 
Phase 2 
200 Tai Lin Pai Road 
Kwai Chung 
New Territories, H.K. 
TEL: (852) 418-3700 
FAX: (852) 481-5872 


Inchcape Industrial 

10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 

New Territories 

TEL: (852) 410-6555 
FAX: (852) 401-2497 


Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 
Hi-Tech Ind. Centre 

5-12 Pak Tin Par St., 

Tsuen Wan 

New Territories, H.K. 

TEL: (852) 499-3109 

FAX: (852) 417-0961 


JAPAN 
Hakuto Co., Ltd. 
1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 
TEL: 81-3-3355-7615 
FAX: 81-3-3355-7680 
Jepico Corp. 
Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 045-939-6116 

FAX: 045-939-6117 


Micron, Inc. 

DJK Kouenji Bidg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 03-3317-9911 

FAX: 03-3317-9917 


Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 

2-3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 03-3564-6871 

FAX: 03-3564-6870 


Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 

Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 

FAX: 03-3357-5034 


KOREA 
KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 - 


* Field Application Assistance Available 


GS Technology Pte, Ltd. 
Block 5073 #02-1656 

Ang Mo Kio Industrial Park 2 
Singapore 2056 

TEL: (65) 483-2920 

FAX: (65) 483-2930 


TAIWAN 
Harris Semiconductor 
Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 
TEL: (886) 2-716-9310 
FAX: 886-2-715-3029 
TLX: 78525174 


Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 


Iinhwa Company, Ltd. 
Room #305 

Daegyo Bidg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


NEW ZEALAND 
Components and 
Instrumentation NZ, Ltd. 
19 Pretoria Street 
Lower Hutt 
P.O. Box 38-099 
Wellington 
TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


PHILIPPINES 
intergral Silicon Solution, Inc. 
6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 


SINGAPORE 
B.B.S Electronics Pte, Ltd. 
1 Genting Link 
#05-03 Perfect Indust. Bidg. 
Singapore 1334 
TEL: (65) 748-8400 
FAX: (65) 748-8466 


Device Electronics Pte, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 

TEL: (65) 288-6455 

FAX: (65) 287-9197 
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Applied Component Tech. 
Corp. 

8F No. 233-1 

Pao-Chia Road 

Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 

FAX: 886 2 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: 886-2-708-7901 


TECO Enterprise Co., Ltd. 
10FL., No. 292 

Min-Sheng W. Rd. 

Taipei, Taiwan 

TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


Willas - Array Pte, Ltd. 
40 Jalan Pemimpin 
#04-03B Tat Ann Building 
Singapore 2057 

TEL: (65) 353-3655 

FAX: (65) 353-6153 


TAIWAN 


Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 


Applied Component 
Technology Corp. 

8F No. 233-1 

Pao-Chial Road 

Hsin Tien City, Taipei Hsein, 
Taiwan, R.O.C. 

TEL: (02) 9170858 

FAX: (02) 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: 886-2-708-7901 

TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 

TEL: (886) 2-555-9676 

FAX: (886) 2-558-6006 
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We’re Backing You Up with Products, Support, and Solutions! * 
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 * SignalProcessing * 
_ Linear/RF 


Data Eonversion 
DSP Functions 


Communication ICS 
Telecom Line Card ICs 
Operational Amplifiers 

Multiplexers/Switches ) 


Sample and Hold 
Data Converters 


PRISM™ Chipset 


Power’Products © 


e 
roe 


“Bipolar : 
Transient Voltage 


Power r MOSFETs 


IGBTs 
MCTs 


> 


Suppressors - ) 
MOVs r 


Rectifiers 

. Surgectors 
“MLV¥s 
Intelligent Discretes 


J 
* 


Intelligent Power 

¢ MOSFET Drivers 

¢ Power Drivers ~“ 
DC to DC Converters 
AC to DC Converters 
Protection Circuits _ 
“Multiplex Gommunication 
; Application Specific 
eng tos Standard Products 


Digital : 
| ¢ CMOS Microprocessors 
ea * and Peripherals 
__* CMOS Microcontrollers 
~“ ¢ CMOS Logic: 
. CMOS Memories. 


= 


* ok 
PRISM™ is a trademark of Harris Corporation 


> EF Mf 


Co NW OU C tO R 


Military & Space IC Products. 


'¢ Logic 3 
- CD 4000 $ 23 
- HCS/HCTS High Speed 
_ + ACS/ACTS Advanced 
¢ Signal Processing a 
=. 
- Multiplexers . : 


Sample and Hold 
Communication Circuits iz 
Switches os 
DataConverters Ss —| 
Operational Amplifiers 
* Memories wai 
- SRAMs ne 
- PROMs 
¢ Microprocessors and . 
Peripherals 
¢ Microcontrollers ~ 
* Discrete Power 
- Bipolar 
- N-Channel MOSFETs 
- P-Channel MOSFETs 
¢ ASICs 
e ESA SCC 9000 and 
QML Screening 


il 


*C opyright © Harris Corp oration 
1996 (All Rights Reserved) 
Printed in USA; 1/1996. 


